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CHAPTER  I.   PURPOSE  AND  AREA  OF  THE  INVESTIGATION 


This  chapter  discusses  the  background  of  this 
investigation,  briefly  describes  the  objectives  of  the 
investigation,  takes  note  of  related  investigations, 
and  then  describes  the  area  of  the  present  investiga- 
tion. The  description  touches  upon  natural  features, 
geology,  climate,  soils,  and  development. 


Background  of  Investigation 

The  present  economy  of  Southern  Tuolumne  County  is 
static .   Why?  Because  the  county  needs  water  that  can  be  made 
available  to  prospective  users. 

The  present  economic  base  of  the  area  is  recreation, 
agriculture,  and  lumbering.  Since  there  is  a  scarcity  of 
timbered  land  available  for  development  in  Southern  Tuolumne 
County,  lumbering  is  a  limited  source  of  income  to  the  area, 
and  will  probably  continue  to  be  so. 

Future  economic  growth  in  the  area,  therefore,  must 
depend  upon  an  increase  in  recreational  and  agricultural  activ- 
ities and  upon  the  establishment  of  new  industrial  enterprises. 
The  greatest  potential  for  economic  growth  probably  lies  in 
recreation.  Such  economic  growth  would  be  dependent  upon 
development  of  low- cost  water.  Although  no  concerted  area-wide 
darive  for  water  development  in  the  Groveland  area  has  occurred 
in  the  past,  the  people  of  the  area  are  now  actively  investigat- 
ing the  possibilities  for  a  more  adequate  water  supply. 

The  Board  of  Supervisors  of  Tuolumne  County,  having 
noted  that  future  water  requirements  of  Southern  Tuolumne  County 
could  be  met  only  by  new  developments  on  the  Tuolumne  River, 


recognized  that  a  comprehensive  investigation  of  the  water  re- 
sources and  needs  of  the  Southern  Tuolumne  County  area  was 
necessary.   Consequently,  steps  were  taken  in  1957  to  request 
that  the  Department  of  Water  Resources  undertake  such  an  investi- 
gation. 

Just  a  few  months  before  the  Board  of  Supervisors  of 
Tuolumne  County  had  determined  the  need  for  a  study  of  the 
southern  Tuolumne  area,  the  Board  of  Directors  of  Tuolumne  County 
Water  District  No.  2  determined  that  there  was  a  need  for  a  simi- 
lar study  for  Tuolumne  County  Water  District  No.  2  and  similar 
arrangements  were  made  with  the  Department  of  Water  Resources. 
Results  of  that  investigation  are  reported  upon  in  a  companion 
volumne.  Bulletin  No.  95,  entitled  "Tuolumne  County  Water  District 
No.  2  Investigation." 

Authorization  for  Investigation 

The  Board  of  Supervisors  of  Tuolumne  County,  in  February 
1958,  requested  by  Resolution  No.  Ul  that  the  Department  of  Water 
Resources  make  a  preliminary  investigation  and  report  on  the 
scope  and  cost  of  a  cooperative  water  resource  investigation  of 
that  portion  of  Tuolumne  County  outside  of  Tuolumne  County  Water 
Districts  Nos.  1  and  2.  A  copy  of  this  resolution  is  included  in 
Appendix  A,  "Agreement  Between  the  State  of  California  Department 
of  Water  Resources  and  Tuoliimne  County." 

The  preliminary  investigation  was  conducted  and  reported 
on  in  "Preliminary  Report  on  the  Water  Resources  and  Water  Problems 
in  Southern  Tuolumne  County,"  dated  June  I958.  The  preliminary 


report  presented  recommendations  for  a  comprehensive  two-year 
investigation  of  Southern  Tuolumne  County  area  at  a  total  cost 
of  $36,000.  Of  this  amount,  it  was  recommended  that  the  county 
emd  the  State  provide  funds  equaJJLy  in  the  amount  of  $18,000. 

The  Board  of  Supervisors  of  Tuolumne  Co\inty  concurred 
with  the  need  for  a  two-year  cooperative  investigation  to  be 
financed  as  recommended  in  the  preliminary  report  and  authorized 
the  negotiation  of  an  agreement.  This  agreement,  a  copy  of  which 
is  included  in  Appendix  A,  was  entered  into  as  of  July  1,  1958, 
but  it  did  not  become  effective  xintil  December  1958  when  the 
county's  share  of  the  costs  of  the  investigation  was  received. 

The  department  included  funds  in  its  1958-59  and  1959-60 
budgets  for  the  State's  jxDrtion  of  the  cost  of  the  investigation. 

Objective  of  Investigation 

The  objective  of  the  Southern  Tuolumne  Covmty  Investi- 
gation was  the  formulation  of  plans  for  the  development  of  water 
supplies  for  all  beneficial  uses  within  the  area. 

Field  work  and  office  studies  for  the  investigation 
commenced  in  December  1958,  and  continued  into  the  spring  of 
1961.  Plans  were  formulated  for  the  development  of  water  sup- 
plies for  all  beneficial  uses  within  Southern  Tuolumne  County. 
These  plans  considered  the  conservation  of  water  for  irrigation, 
domestic,  recreation,  fish,  and  wildlife  purposes  and  for 
production  of  hydroelectric  power.  Water  conservation 
projects  considered  to  have  possibilities  for  development 


in  the  immediate  future  were  evaluated  with  respect  to 
engineering  feasibility  and  economic  justification. 

Related  Investigations 
The  Southern  Tuolumne  County  Investigation  included 
review  of  several  prior  investigations  and  reports.  Of  major 
importance  are  the  following  two  recent  investigations  and  related 
reports  of  the  Department  of  Water  Resources. 

Statewide  Water  Resources  Investigation 

The  California  Legislature  in  19^7  amended  the  Water 
Resources  Law  of  I9U5  to  authorize  the  Department  of  Water  Resources^ 
and  its  predecessor  agency,  to  conduct  a  comprehensive  investiga- 
tion of  the  water  resources  throughout  the  State  of  Ceilifomia. 
(Calif.  Stats.  I9U5,  Ch.  I5IU,  P.  283O;  as  amended  by  Calif. 
Stats.  I9U7,  Ch.  908;  Water  Code  Sec.  I2616.)   This  investigation 
was  conducted  by  the  Division  of  Water  Resources,  under  the  direc- 
tion of  the  State  Water  Resources  Board.  Funds  were  appropriated 
annually  by  the  Legislature  over  a  10-year  period  for  the  comple- 
tion of  this  important  program  of  study.  Results  of  the  investiga- 
tion were  published  in  three  bulletins. 

Bulletin  No.  1,  "Water  Resources  of  California," 
published  in  1951,  contains  a  compilation  of  data  on 
precipitation,  \inimpaired  streamflow,  flood  flows  and 
frequencies,  and  quality  of  water. 

Bulletin  No.  2,  "Water  Utilization  and  Require- 
ments of  California,"  published  in  1955,  sets  forth  esti- 
mates of  present  and  probable  ultimate  water  requirements 
throughout  the  State.   In  general,  such  estimates  and 
forecasts  are  based  on  the  capabilities  of  the  land  to 
support  further  development. 


B\illetin  No.  3,  "The  California  Water  Plan," 
pubDJshed  in  1957  reports  the  third  and  concluding 
phase  of  the  State-Wide  Water  Resources  Investigation. 
The  California  Water  Plan  is  a  coraprehensive  master 
plan  for  the  development  of  the  vater  resources  of  the 
State  to  meet,  so  far  as  is  practicable,  present  and 
futiire  needs  for  all  beneficial  purposes  in  all  parts 
of  the  State. 

The  Legislat\ire  adopted  "The  California  Water  Plan"  as 

a  general  guide  for  the  orderly  and  coordinated  development  and 

use  of  the  water  resoixrces  of  the  State  in  1959  (Calif,  Stats,  1959, 

Ch.  2053;  Water  Code  Sees.  1000^^-10007). 

Survey  of  Mountainous  Areas 

The  Survey  of  ^k^^mtainous  Areas  was  initiated  in  19^ 
and  involved  an  evaluation  of  potential  liltimate  water  needs  for 
all  or  parts  of  13  coimties.  The  area  of  investigation,  which 
included  all  of  Tuolumne  County,  is  located  in  foothill  and  moun- 
tainous areas  on  the  westerly  slope  of  the  Sierra  Nevada.  A 
report  on  the  investigation  was  published  in  1955  as  Bulletin 
No.  56,  "Survey  of  Mountainous  Areas." 

The  investigation  reported  upon  in  this  report,  as  well 
as  companion  studies  reported  upon  in  Bulletin  No.  95,  "Tuolumne 
Coxinty  Water  District  No.  2  Investigation,"  is  an  extension  of 
the  survey  of  mountainous  areas. 

Area  of  Investigation 
Tuolumne  County  is  located  in  a  foothill  and  mountainous 
area  on  the  westerly  slope  of  the  central  Sierra  Nevada,  directly 
east  of  San  Francisco  Bay.  It  ranges  in  elevation  from  about 
300  feet  in  the  foothill  area  of  the  southwestern  portion  of  the 


county  to  over  13,000  feet  at  the  crest  of  the  Sierra  Nevada. 
Except  for  the  foothill  areas,  most  of  the  county  is  within 
Stanislaus  National  Forest,  Yosemite  National  Park,  or  Emigrant 
Basin  Primitive  Area.  The  Southern  Tuolumne  County  area  is  that 
portion  of  Tuolumne  County  south  of  Tuolumne  County  Water  District 
No.  2,  and  west  of  Yosemite  National  Park.   Of  the  l.U62,900  acres 
of  the  county,  about  172, 600  acres  are  within  the  Southern  Tuolumne 
County  area^  U2T,800  acres  are  within  Yosemite  National  Park,  and 
862,500  acres  are  within  Tuolumne  County  Water  District  No.  2. 
Plate  1,  entitled  "Area  of  Investigation,"  delineates  the  county 
boundaries  as  well  as  those  of  the  Southern  Tuolumne  County  area. 

Natural  Features 

The  general  lay  of  the  land  in  Southern  Tuolumne  County 
could  be  described  as  a  plane  sloping  on  a  gentle  2-degree  slope 
starting  at  an  elevation  of  about  300  feet  at  La  Grange  Reservoir 
and  rising  to  elevations  of  about  6,000  feet  near  the  western 
boundary  of  Yosemite  Park.  This  plane  is  dissected  by  streams 
which  become  progressively  less  intrenched  as  they  flow  to  the 
west.  The  plane  is  further  modified  by  local  relief  which  varies 
from  moderate  foothills  in  the  lower  portions  to  more  rugged  slopes 
in  the  higher  portion.   Between  these  extremes  lie  areas  of  mod- 
erately rolling  lands  marked  with  small  alluvial  plains  along 
local  creeks.   In  these  rolling  lands  open  grasslands  are  surrounded 
by  extended  areas  of  brush  and  oak  trees.  Modest  tracts  of  mer- 
chantable timber  are  foimd  in  the  easterly  portions  of  the  area. 


Tuolumne  County  is  drained  ty  portions  of  the  Tuolumne 
River  and  the  Stanislaus  River  systems.  Plate  1  depicts  the 
relationship  of  the  two  river  systems  to  the  Southern  Tuolumne 
County  area.  Both  river  systems  are  deeply  intrenched,  with 
narrow  flood  plains  along  their  upper  reaches  and  increasingly 
broader  flood  plains  along  their  lower  reaches.  The  Southern 
Tuoluimie  County  area  generally  lies  south  of  the  main  stem  of 
the  TuoliMone  River  and  is  entirely  within  the  Tuolumne  River 
Basin. 

Geology 

Southern  Tuolumne  County  is  situated  on  the  gently 
dipping  westward  slope  of  the  Sierra  Nevada  geomorphic  province. 
This  province  is  approximately  ^30  miles  long  and  varies  from 
^40  to  80  miles  in  width.  It  has  been  described  as  an  immense, 
tilted  faiilt  block  which  ranges  in  elevation  from  near  sea 
level  along  its  western  edge  to  a  maximum  height  of  1^,^96  feet 
at  Mount  Whitney.  In  cross  section,  the  Sierra  Nevada  has  a 
gentle  westward  slope  and  an  abrupt  eastern  scarp. 

Two  subdivisions  of  the  Sierra  Nevada  geomorphic  prov- 
ince are  represented  in  the  investigational  area:  (l)  a  low 
elevation  or  foothill  province  largely  composed  of  metamorphic 
rocks,  and  (2)  the  High  Sierra  province  principally  composed  of 
granitic  rocks.  The  geologic  provinces  and  their  formations 
are  discussed  and  illustrated  in  Appendix  B, "Regional  Geology," 

The  foothill  province  is  confined  to  the  western  three- 
quarters  of  this  investigational  area.  Here,  metamorphic  rocks 


form  a  relatively  broad  northwest-trending  belt  of  tight  folds. 
Locally,  Mesozoic  igneous  rocks  intruded  these  folds.  The  folds 
are  capped  locally  by  mid-  ajid  late-Tertiary  volcanic  rocks.  A 
northwest-trending  foothill  fault  system  cuts  through  the  foot- 
hills. The  fault  system  varies  in  width  from  less  than  1  mile 
to  over  3  miles  along  its  120-mile  length.  Quartz  veins  and  the 
Mother  Lode  mineral  deposits  are  associated  with  this  fault 
system. 

The  High  Sierra  province  covers  the  eastern  one  quarter 
of  the  area.  It  is  londerlain  primarily  by  the  granitic  intrusive 
complex,  but  also  includes  small  remnants  of  older  metamorphic 
rocks  which  occur  as  "roof  pendants."  Tertiary  volcanic  rocks 
locally  blanket  the  bedrock  complex.  During  the  Pleistocene 
epoch,  snow  and  ice  accixraulated  in  the  higher  mountains  and  formed 
many  slow-moving  glaciers.  These  glaciers  greatly  modified  the 
topography  by  depositing  moraines  and  by  cutting  huge  U-shaped 
valleys  such  as  Yosemite  Valley.  At  the  present  time,  several 
small  glaciers  still  exist  in  the  high  mountain  area  east  of  Yosemite 
Valley. 

Climate 

Because  of  ranges  in  elevation  within  the  Southern 
Tuolumne  County  area,  precipitation  and  temperature  vary  greatly. 
The  mean  seasonal  depth  of  precipitation  varies  from  about  l8  inches 
in  the  lower  foothill  areas,  to  35  inches  in  the  Groveland 
area,  and  to  about  55  inches  in  the  higher  portions  of  the  area.   The 
foothill  areas  experience  hot,  dry  summers  and  mild  winters. 
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The  remainder  of  Southern  Tuolumne  County  is  characterized  by 
moderate  summers  and  colder  winters . 

Practically  all  precipitation  occurs  during  the  months 
of  October  through  April.   Vsiriations  in  climate  cause  consider- 
able differences  in  the  length  of  the  growing  season  within  the 
county.  Within  the  agriculturauL  zone,  the  growing  season  varies 
from  about  135  days  in  the  upper  areas  to  255  days  in  the  lower 
areas.  The  length  of  growing  season  in  the  Groveland  area  is 
estimated  to  be  200  days . 

Soils 

The  soils  of  Southern  Tuolumne  County  can  be  segre- 
gated into  two  broad  categories.  The  first  is  that  of  recent 
alluvial  soils.  Those  recent  alluvial  soils  suitable  for  agri- 
culture, while  not  significant  from  an  acreage  standpoint,  have 
a  wide  crop  adaptability  because  subsoil  layers  do  not  restrict 
the  movement  of  water  or  the  penetration  of  plant  roots. 

Upland  soils  represent  the  second  category  of  soils 
in  the  area.  These  soils  were  formed  in  place  by  the  weathering 
and  decomposition  of  the  underlying  rock  material.   Such  soils 
are  important  because  they  exist  where  practically  all  future 
agricultural  development  will  take  place.  In  general,  as  eleva- 
tion and  precipitation  increase,  the  upland  soils  have  an  increasingly 
deeper  profile  and  less  rockiness.   Shallow  soil  profiles  and  extreme 
rockiness,  for  example,  are  found  in  the  lower  western  portions  of 
the  area  while  deep  and  nearly  rock-free  soils  are  found  In  the 
more  easterly  portions  of  the  area. 


Crop  adaptability  of  the  upland  soils  is  lareely  re- 
stricted to  the  production  either  of  irrigated  pasture  or  of 
various  types  of  deciduous  orchard.   Orchard  crops  are  restricted 
to  those  areas  having  adequate  air  movement  and  deep,  well-drained 
soil  profiles.   Many  of  the  shallow  and  rocky  soils  found  In  the 
lower  westerly  portions  of  the  county  may  prove  to  be  marginal, 
even  for  the  production  of  pasture,  because  of  low  moisture  reten- 
tion, low  fertility,  and  resultant  low  crop  yield. 

Development 

Tuolumne  County  was  organized  in  I85O.  In  April  185^, 
the  county  was  reduced  in  size  when  Stanislaus  County  was  created 
from  a  portion  of  the  original  area  of  Tuolumne  County.  The 
major  initial  impetus  for  development  of  the  area  occurred  when 
gold  was  discovered  at  New  Jamestown  in  18^8  and  in  Coliimbia  in 
1850.   As  a  result  of  mining  activities  connected  with  these 
discoveries,  several  communities  were  established  and  the  popula- 
tion of  the  county  increased  to  about  l6,000  by  i860.   Several 
water  supply  systems  to  supply  these  communities  were  developed. 
Remnants  of  some  of  these  systems  are  in  evidence  today. 

In  more  recent  times,  water  development  activities  within 
Southern  Tuolumne  County  have  been  mainly  for  the  purpose  of 
supplying  water  to  areas  outside  the  county.  The  Modesto  and 
Turlock  Irrigation  Districts  completed  La  Grange  Dam  and  diversion 
facilities  in  l89i|,  and  by  I9OI  the  districts  had  completed  their 
distribution  systems  and  were  diverting  water  from  the  Tuolumne 
River  at  La  Grange  Dam.   Don  Pedro  Dam  and  Reservoir,  also 
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comprising  a  cooperative  project  of  Modesto  and  Turlock  Irrigation 
Districts,  were  completed  in  1923  as  a  multiple-purpose  project, 
including  conservation  storage,  power  production,  and  flood 
control.   Present  diversion  facilities  at  La  Grange  Dam  have  a 
combined  capacity  of  about  ^,500  second-feet.  Furthermore,  the 
City  and  County  of  San  Francisco  have  developed  the  famous  Hetch 
Hetchy  System,  including  Hetch  Hetchy,  Lake  Eleanor,  and  Lake  Lloyd 
Reservoirs,  to  provide  a  water  supply  for  use  in  San  Francisco 
and  vicinity,  and  also  for  the  production  of  power. 

Recreation  is  the  major  industry  in  the  area.  In  addi- 
tion to  recreation,  the  major  sources  of  income  within  the  area 
are  production  of  hydroelectric  energy,  lumbering,  and  agriculture. 
The  hydroelectric  power  developments  include  development  of  the 
waters  of  the  main  Tuolumne  River  and  Chenry  and  Eleanor  Creeks. 
A  number  of  organizational  camps  provide  a  major  portion  of  the 
recreational  opportunities  within  the  area.  Also  of  importance 
for  recreational  purposes  are  the  public  camp  sites  located  in 
Stanislaus  National  Forest. 

Tl-ie  principal  areas  that  would  derive  benefits  from  the 
development  of  water  for  consumptive  use  are  the  potential  urban 
and  suburban  lands  in  the  Groveland-Big  Oak  Flat  area. 

State  highways  provide  the  principal  road  system.  State 
Sign  Route  120  extends  easterly  through  the  area  to  enter  Yosemite 
National  Park  and  crosses  the  Sierra  Nevada  at  Tioga  Pass.   State 
Sign  Route  k^,   the  Mother  Lode  Highway,  cuts  across  the  area  in 
a  north-south  direction.  In  addition  to  the  state  system,  there 
are  many  miles  of  county  roads  and  forest  service  roads. 
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CHAPTER  II.   WATER  SUPPLY 


Preparation  of  plans  for  the  development  of  water 
supplies  in  Southern  Tuolumne  County  required  that  the 
water  resources  of  the  Tuolumne  River  Basin  be  inven- 
toried. This  chapter  discusses  precipitation  and  run- 
off as  they  affect  the  area  and  describes  the  methods 
used  to  estimate  natural  runoff  from  recorded  runoff. 
The  chapter  touches  briefly  upon  present  exports  of 
water  from  the  Tuolumne  River  Basin.  It  then  discusses 
ground  water  and  the  quality  of  surface  and  ground  water 
in  the  area. 


The  water  supply  of  Southern  Tuolumne  County  originates 
as  direct  precipitation  in  the  form  of  rain  or  snow  on  the  lands 
of  the  Tuolumne  River  Basin.  A  portion  of  this  supply  is  used 
within  the  area  under  investigation,  but  most  of  it  drains  from 
the  area  by  way  of  the  Tuolumne  River,  or  is  retained  in  storage 
reservoirs  for  use  outside  the  Southern  Tuolumne  County  area. 
Modesto  and  Turlock  Irrigation  Districts,  on  the  floor  of  the 
San  Joaquin  Valley,  operate  Don  Pedro  Reservoir,  a  multiple-purpose 
storage  reservoir.  In  addition,  the  City  and  County  of  San  Fran- 
cisco have  extensively  developed  the  waters  of  the  Tuolumne  River 
Basin  for  export  to  San  Francisco  and  portions  of  San  Mateo, 
Santa  Clara,  and  Alajneda  Counties. 

I4elting  snow  from  the  mountainous  parts  of  the  area 
provides  the  major  portion  of  the  seasonal  runoff  which  occurs 
in  the  late  spring  and  early  summer  months.  By  late  summer,  the 
streams  have  reached  annual  minimums  and  are  sustained  by  springs 
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and  effluent  seepage.   The  resulting  annual  runoff  pattern  is 
one  of  peak  flows  in  the  winter  and  spring  months,  and  low  flows 
during  the  late  summer  months. 

A  50-year  mean  period  was  selected  to  represent  long- 
term  runoff  and  precipitation  characteristics  in  Southern  Tuolumne 
County.   The  50-year  mean  period  used  for  the  study  of  runoff 
extends  from  October  1,  I907,  through  September  30,  1957-   The 
period  used  for  the  study  of  precipitation  extends  from  July  1, 
1905,  through  June  30,  1955- 

For  the  purpose  of  the  Southern  Tuolumne  County 

Investigation,  the  35-year  period  from  October  1,  1920,  through 

September  30,  1955 >  ^as  employed  as  a  base  period  for  detailed 

analyses  of  the  hydrology  of  the  Tuolumne  River  Basin.   This 

base  runoff  period  was  selected  because: 

°  Precipitation  and  streamflow  data  were  sufficiently 
complete  to  enable  extrapolation  of  the  existing  runoff 
records  back  to  the  1920-21  i^noff  year*  by  correlation 
with  records  of  comparable  nearby  stations  having  records 
for  the  desired  period. 

°  Streamflow  during  the  base  period  averaged  about 
96  percent  of  the  flow  of  the  50-year  mean  period. 

The  base  period  includes  the  critically  dry  period, 
extending  from  runoff  year  1928-29  through  runoff  year 
193^-35:f  during  which  the  annual  runoff  was  only  about 
60  percent  of  the  runoff  for  the  mean  period. 

o  Other  conditions  of  water  supply  and  climate 
approximated  mean  conditions . 

Precipitation 
Southern  Tuoliimne  County  lies  within  the  area  traversed 
by  the  southern  portion  of  storms  which  periodically  sv/eep  in  from 


*A  runoff  year  extends  from  October  1  through  September  30. 
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the  North  Pacific  Ocean  during  winter  and  spring  months.  Pre- 
cipitation resulting  from  these  storms  is  generally  light  in 
the  lower  foothill  areas  and  moderately  heavy  near  the  crest  of 
the  Sierra  Nevada.  Pronounced  changes  in  elevation  and  topog- 
raphy have  marked  effects  on  the  amount  of  precipitation  and  on 
whether  it  falls  as  rain  or  snow.  Precipitation  ranges  from 
about  18  inches  at  lower  elevations  to  about  55  inches  at  higher 
elevations . 

Precipitation  Stations  and  Records 

There  are  19  known  precipitation  stations  located  in 
or  adjacent  to  the  Southern  Tuolumne  area  with  unbroken  records 
of  10  years  or  longer.  Moreover,  data  are  available  for  five 
stations  with  lesser  periods  of  records.  These  stations  are  not 
well  distributed  areally  in  that  there  is  only  one  station  located 
above  an  elevation  of  5^000  feet  and  that  station  has  records 
extending  back  only  to  19^9-  The  longest  period  of  record  of 
precipitation  in  Tuolumne  County  is  available  for  the  Sonora 
station.  This  record  is  continuous  since  the  precipitation  year* 
of  I88T-88.  The  longest  continuous  precipitation  record  in 
Southern  Tuolumne  County  is  found  at  Hetch  Hetchy  Reservoir.  This 
record  started  in  I9IO. 

Twenty  snow  courses  lie  in  the  Tuolumne  River  Basin. 

Such  courses  are  measured  and  maintained  as  part  of  the  California 

Cooperative  Snow  Surveys.  All  of  these  courses  are  at  or  above  an 

elevation  of  6,500  feet.  Measurements  at  these  courses  provide 

important  precipitation  data  for  the  uplands,  of  the  Tuolumne  River 

Basin. 

*A  precipitation  year  extends  from  July  1  through  June  30. 

15 


Table  1,  entitled  "Mean,  Maxiraum,  and  Minimum  Annual 
Precipitation  At  Selected  Stations  In  or  Near  Southern  Tuolumne 
County/'  presents  the  elevations,  periods  and  sources  of  record, 
and  mean,  maximum,  and  minimmn  annual  precipitation  for  the 
precipitation  stations.   Table  2,  entitled  "Snow  Courses  V/ithin 
Tuolumne  River  Basin,"  presents  similar  information  for  the 
snow  courses.   In  those  instances  when  it  was  found  necessary, 
precipitation  records  were  extended  to  cover  the  50-year  mean 
period  by  direct  correlation  with  records  of  nearby  stations 
covering  that  period. 

The  records  of  precipitation  at  most  stations  and  snow 
courses  in  or  near  Southern  Tuolumne  County  have  been  published 
in  reports  of  the  United  States  Vfeather  Bureau  and  the  Department 
of  V/ater  Resources.   Plate  2,  entitled  "Lines  of  Equal  Mean  Annual 
Precipitation,  '  shows  the  locations  of  selected  precipitation 
stations  and  snow  courses  and  the  lines  of  mean  annual  precipita- 
tion. 

Precipitation  Characteristics 

Precipitation  in  Tuolumne  County  varies  between  wide 
limits  from  year  to  year  and  increases  generally  from  west  to 
east  with  an  increase  in  land  elevations.   Winter  storms  deposit 
relatively  light  precipitation  in  crossing  the  floor  of  the  San 
Joaquin  Valley.   However,  the  rate  of  precipitation  increases 
sharply  as  the  storms  move  toward  the  Sierra  Nevada.   Precipita- 
tion below  an  elevation  of  about  3,500  feet  generally  occurs  in 
the  form  of  rain  and  results  in  almost  immediate  runoff.   Above 
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TAr<L:c  2 

SNTW    COURS-3  V.'lTilTW    .tl~    funLlTIN-;  ri'.VH   f,-.SlN 


? 

,vid 
lon4?itu.ie 

>       "ileva- 
8         t!'-.;, 
1          feat 

■        Fer.o  ! 
1            0" 
I       re  cor  1 

I     Wate"  cantcnt    of   snow  on 

_April_l 

Snip*  cr>jrse      : 

t 

1     erc'.t;^.   Ins, 

»   Year       : 

'lininijm 
Inches 

fl3t.-ilor  hr.\s 

37M7.P' 
119  ^2  C, 6' 

IC,?.  0 

1930- 
present 

34,0 

1952 
1931 

50,3 
12.9 

7iora  !  ass 

?V°^5,2' 
ll.°15.2' 

9,910 

1926- 
presant 

2, 3 

1952 
1931 

40,5 
8.4 

Dana  Maadoi'R 

37053.0' 
1.1  "'^6.3' 

9,700 

1925- 
pTTisent 

30.2 

1^2 
1931 

45.5 
13.1 

a^J'ferty  Meada/ra 

37°51,1' 

119=10, 3' 

9,500 

1946- 
presant 

31.0 

1952 
1959 

43,3 
20,1 

Pcnd  Pass 

36'l0.7' 
ll;)''37o4' 

9,30C 

I'J-^s- 

prosent 

44,1 

1"0  2 
1^43 

75,5 
23,0 

Gratia  Mendcr/r 

33°m9,0' 
111^7.0' 

8,900 

1947- 
presept 

38.9 

1952 

1948 

70,9 
22,3 

Snoiv  Flat 

37°4  9.5' 
119°29,e' 

8,700 

1930- 
proserl 

42oc: 

1952 

1934 

76.1 

1R.2 

'iVolumna 
I'leadems 

37*'52.7' 
119°21.5' 

8,600 

1930- 
present 

22,3 

1933 
1934 

44,9 
1.0 

Horse  Mea-Jow 

38<'C9.5' 
11S°39,7» 

8,40-3 

1948- 
prestnt 

46,5 

1952 
1955 

80,5 
34.3 

ViiliTsr  U-ke 

38O05.U' 
H9»3e,5» 

8,000 

1S46- 
present 

43,6 

1962 
lt'48 

76,0 
26.? 

Stichso  Spring 

380C5,1« 
11C!^5C.2» 

7,900 

1948- 
prfisent 

39,5 

1952 
1951 

77.7 
1V.7 

S};otiea  Far.Ti 

38°O0«5« 
7.1"^'!  5. f 

7,800 

194C- 
present 

47,2 

l9^? 

1951 

82,5 
29,6 

Hu'-klfilen^S 
Lake 

38*'f6,]' 
1J>^'^4/1.7' 

7,000 

1948- 
present 

43,2 
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1951 

75,1 
24.7 

Faredlse 

38°C2,fi' 
Uo'^AC.O' 

7,700 
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41,/' 
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80,6 
21.9 

Gin  Flat 

37'^45.?' 
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35.3 
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1934 

75,2 
13.3 

Loi'rer  Kibbie 
Ridge 

38°C2,7' 
119°5  2.8» 

5,700 
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pre  f  «nt 

27.f, 
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66.6 
9,3 
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6,7c  0 
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pi'esont 
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60,9 
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E«ll  MeBuOT 

38°(.9.E» 
n9<'56,6» 

5,5C0 

1937- 
prescnt 

19.7 

1962 
19  51 

58,2 
2,6 
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this  elevation,  most  precipitation  occurs  as  snow;  consequently, 
much  of  the  resulting  runoff  is  delayed  until  the  period  from 
April  through  July.  A  maximum  mean  annual  rate  of  precipitation 
of  about  55  inches  occurs  along  the  intermittently  defined  first 
crest  of  the  Sierra.  Between  this  area  and  the  main  crest,  the 
precipitation  is  not  noticeably  affected  by  elevation.  Here  the 
average  annual  rate  varies  between  about  k^   and  60  inches. 

The  annual  precipitation  recorded  at  the  Hetch  Hetchy 
station  has  varied  from  about  h9   percent  to  about  159  percent 
of  the  mean.  The  maximum  annual  precipitation  of  record  at  this 
station  occurred  in  1937-38  when  a  total  of  55-62  inches  was  re- 
corded. The  minimum  precipitation  of  record  occurred  in  1923-24 
when  a  total  of  17.03  inches  was  recorded.  Approximately  67 
percent  of  the  yearly  precipitation  at  Hetch  Hetchy  occurs  during 
the  period  of  December  through  March;  less  than  k   percent  occurs 
from  June  through  September.  Long-term  trends  of  precipitation 
on  the  Southern  Tuoliunne  County  area  are  indicated  on  Plate  3A, 
entitled  "Recorded  and  Estimated  Annual  Precipitation  at  Hetch 
Hetchy, "  and  Plate  3B,  entitled  "Accumulated  Departure  from  Mean 
Annual  Precipitation  at  Hetch  Hetchy."  Table  3>  entitled  "Average 
Monthly  Distribution  of  Precipitation  At  Don  Pedro  Reservoir, 
Groveland,  And  Lake  Eleanor, "  shows  average  monthly  distribution 
of  precipitation  for  three  representative  stations  in  or  near 
the  Southern  Tuolumne  County  airea.  These  three  stations  were 
selected  to  illustrate  the  monthly  distribution  of  precipitation 
at  different  elevations. 

The  maximum  recorded  annual  precipitation  in  the 
Southern  Tuolumne  area  occurred  at  Crocker  Station  during  the 
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precipitation  year  of  I9O5-O6  when  a  total  of  83.5^  inches  was 
recorded.  The  maximum  recorded  snowpack  in  the  Tuolumne  River 
Basin  occurred  at  the  Spotted  Fawn  snow  survey  course  in  1952  when 
a  water  content  of  82.5  inches  was  measured.  Because  no  single 
precipitation  station  is  representative  of  the  entire  area,  the 
stations  at  Don  Pedro  Reservoir,  Groveland,  and  Lake  Eleanor 
were  selected  to  show  annual  amounts  of  precipitation.  Annual 
precipitation  recorded  at  these  stations  is  presented  in  Table  k, 
entitled  "Recorded  Annual  Precipitation  At  Selected  Stations  In 
Southern  Tuolumne  County." 

Runoff 
Surface  runoff  from  the  Tuolumne  River  system  consti- 
tutes the  only  significant  source  of  water  supply  available  to 
Southern  Tuolumne  County.  Use  of  this  supply  within  the  area, 
primarily  from  direct  diversion  of  unregulated  streamflow,  is 
made  for  irrigation  and  domestic  purposes.  As  previously  stated, 
irrigation  districts  located  on  the  floor  of  the  San  Joaquin  Valley 
and  the  City  and  County  of  San  Francisco  have  extensively  developed 
the  waters  of  the  basin  to  produce  hydroelectric  energy  and  to 
furnish  irrigation  and  municipal  water  supplies.  Even  with  the 
present  development,  a  portion  of  the  runoff  of  the  upper 
Tuolumne  River  Basin  is  unregulated  and  undeveloped  and  is  a 
potential  source  of  water  to  meet  future  requirements  of  the 
Southern  Tuolumne  County  area. 
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stream  Gaging  Stations  and  Records 

Records  of  streamflow  for  the  Tuolumne  River  are  generally 
sufficient  in  number,  length,  and  reliability  for  purposes  of  hydro- 
logic  studies.  Records  of  runoff  were  nonexistent,  however,  at  most 
of  the  reservoir  sites  considered  for  potential  water  and  power 
development.  In  order  to  estimate  runoff  at  the  reservoir  sites,  it 
was  necessary  to  make  correlations  with  nearby  stations  and/or  to 
make  area-precipitation  comparisons  of  drainage  areas. 

Table  5,  entitled  "Stream  Gaging  Stations  in  the  Tuolumne 
River  Basin,"  presents  the  drainage  areas,  periods  of  record,  and 
sources  of  record  for  stream  gaging  stations  whose  records  pertain 
to  the  hydrology  of  the  Tuolumne  River  Basin.  Locations  of  the 
stations  are  shown  on  Plate  2,  entitled  "Lines  of  Equal  Mean  Annual 
Precipitation."  Most  of  the  runoff  records  for  these  stations 
have  been  published  in  United  States  Geological  Survey  Water 
Supply  Papers  or  in  Department  of  V/ater  Resources  bulletins. 

Runoff  Characteristics 

Runoff  from  the  Tuolumne  River  Basin  is  derived  for 
the  most  part  from  melting  snow.  As  a  result,  peak  flows  of  the 
streams  are  reached  in  spring  and  early  summer  months,  and  low 
flows  occur  during  late  summer  months.  In  addition  to  such  fluctua- 
tions, runoff  varies  considerably  from  year  to  year.   Such  variation 
is  caused  primarily  by  widely  fluctuating  annual  precipitation. 

Continuous  records  of  nuioff  in  the  Tuolumne  River  near 
La  Grange  have  been  maintained  at  several  points  since  l895> 
Prior  to  1915,  the  flow  was  measured  at  La  Grange  Dam.   Since  1915 
the  flow  has  been  measured  above  La  Grange  Dam.  Records  at  these 
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stations  were  equated  by  making  minor  revisions  to  the  flows  recorded 
at  the  early  station  to  account  for  upstream  diversions. 

Variations  in  the  runoff  of  the  Tuolumne  River  near 
La  Grange  are  illustrated  by  the  following  statistics.  During 
the  35-year  period  1920-21  through  195^-55  the  estimated  maximum 
natural  runoff*  was  3,42ij-,O0O  acre-feet  in  1937-38.  The  estimated 
minimum  natural  runoff  in  the  35-year  period  was  537^000  acre-feet 
in  1923-24.  The  estimated  average  annual  natural  runoff  in  the 
35-year  period  was  1,724,000  acre-feet.  The  estimated  annual 
natural  runoff  in  the  50-year  mean  period  1907-O8  through  1956-57 
was  1,796,000  acre-feet. 

The  natural  runoff  of  the  Tuolumne  River  above  La  Grange  Dam 
presently  is  impaired  by  major  storage  reservoirs  and  diversion  facilities 
of  the  City  and  County  of  San  Francisco  and  of  the  Modesto  and  Turlock 
Irrigation  Districts. 

Estimates  of  natural  runoff  were  made  in  this  basin  to 
help  evaluate  potential  water  conservation  projects.  The  method 
used  to  estimate  the  natural  runoff  of  three  of  the  more  important 
stream  gaging  stations  is  herein  described.  Man-made  impairments 
to  the  flow  at  each  of  these  stream  gaging  stations  are  so  small 
that  the  recorded  flows  were  considered  to  be  equivalent  to  natural 


♦Natural  runoff  is  the  flow  of  a  stream  as  it  would  be  if  unaltered  by 
upstream  diversion,  storage,  import,  export,  or  change  in  upstream  con- 
sumptive use  caused  by  development.  Natural  runoff  is  reconstructed  from 
recorded  runoff  by  allowing  for  the  quantitative  effect  of  alterations  in 
streamflow  above  the  point  where  the  flow  is  measured.  Natural  runoff 
may  be  contrasted  with  impaired  runoff.  Impaired  runoff  is  the  flow  of 
a  stream  as  it  would  be  under  any  given  state  of  upstream  development. 
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flows.   To  estimate  the  flows  during  periods  when  records  were 

not  available,  correlations*  were  made  as  follows: 

°  Middle  Fork  Tuolumne  River  at  Oakland  Recreation 
Camp--flows  have  been  recorded  here  since  I916  so  no 
correlation  \-r&s   needed. 

°  South  Fork  Tuolumne  River  near  Oakland  Recreation 
Camp- -correlations  were  made  with  the  natural  flow  of 
the  Middle  Fork  Tuolumne  River  at  Oakland  Recreation  Camp. 

°  Big  Creek  near  Groveland-- correlations  were  made 
with  the  established  natural  flow  of  Woods  Creek  near 
Jacksonville  and  with  precipitation  at  Groveland.  The 
natural  flows  so  derived  are  subject  to  some  error  in 
detail  but  probably  are  satisfactory  for  the  purpose  of 
this  investigation. 

Table  6,  entitled  "Estimated  Annual  Natural  Runoff  at 
Selected  Locations  in  the  Tuolumne  River  Basin,"  shows  runoff  for 
the  base  period.  The  table  includes  the  runoff  index**  for  the 
flow  of  the  Tuolumne  River  near  La  Grange. 

Annual  natural  runoff  in  the  upper  portion  of  the  Tuolumne 
River  Basin  fluctuates  less  severely  than  does  that  in  the  lower 
portion  of  the  basin.  Maximum  annual  natural  runoff  of  the  Tuolujune 
River  Basin  above  Hatch  Hetchy  Reservoir  during  the  35-year  base 
period  (1920-55)  occurred  in  runoff  year  193T-38  and  was  about  175 
percent  of  the  average.  During  the  same  year,  maximum  annual  natural 
runoff  in  that  part  of  the  basin  between  Hetch  Hetchy  and  Don  Pedro 
Reservoirs  was  about  225  percent  of  the  average.  Minimum  annual 


*  In  makJ.ng  correlations,  ^consideration  was  given  to  precipitation, 
elevation,  area,  and  orientation  of  the  basin.  The  estimated  annual 
runoff  was  then  distributed  to  obtain  monthly  quantities,  according 
to  recorded  runoff  patterns  of  nearby  streams  having  similar  flow 
characteristics . 

**  The  runoff  index  is  the  ratio  of  the  amount  of  runoff  during  a 
given  year  to  the  mean  annual  amount  of  runoff. 
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TABLE  6 

ESTIMATt!)  ANNi;;.L  NAIIIRAL  '^'JNOFF  AT  SELECTEL  LCCATIONS 
IH   THi"  TUOUIMNE  RIVER  BASIN 
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natural  runoff  of  the  Tuolumne  River  Basin  during  the  base  period 
occurred  in  water  year  1923-2^)-  and  was  about  36  percent 
of  the  average  in  the  area  above  Hetch  Hetchy  Reservoir  and  about 
24  percent  of  the  average  for  the  area  between  Hetch  Hetchy  and 
Don  Pedro  Reservoirs. 

Natural  runoff  estimates  above  La  Grange  Dam  have  been 
computed  by  this  department  and  by  the  City  and  County  of  Ssui 
Francisco  for  the  period  from  I896  to  present.  An  annual  summary 
of  natural  runoff  of  the  Tuolumne  River  above  La  Grange  Dam  is 
shown  graphically  on  Plate  kk,   entitled  "Estimated  Annual  Natural 
Runoff  of  Tuoliimne  River  above  La  Grange  Dam."  Long-term  trends 
in  natural  runoff  of  the  Tuolumne  River  near  La  Grange  are  indicated 
on  Plate  kB,   entitled  "Accumulated  Departure  from  Mean  Annual 
Natural  Runoff  of  Tuoliirnne  River  above  La  Grange  Dam. " 

Exported  Water 

Water  is  exported  from  the  Tuolumne  River  Basin  above  Don 
Pedro  Reservoir  by  the  Hetch  Hetchy  System  of  San  Francisco.  This 
water  is  conveyed  through  more  than  I50  miles  of  tunnel  and  pipeline 
to  the  service  area  in  San  Francisco  and  its  vicinity.  Recent 
deliveries  through  this  system  average  about  l67,000  acre -feet 
annually.  This  amount,  according  to  estimates  of  the  City  of 
San  Francisco,  is  expected  to  increase  to  an  ultimate  demand  of  about 
450,000  acre-feet  per  year. 

Turlock,  Modesto,  and  Waterford  Irrigation  Districts 
divert  large  quantities  of  water  from  La  Grange  Dam  to  the  valley 
floor  for  irrigation  purposes. 
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Imported  Water 
Small  quantities  of  water  are  imported  to  the  Tuolumne 
River  Basin  from  the  Stanislaus  River  Basin  through  the  Pacific  Gas 
and  Electric  Company's  Tuolumne  Ditch.  An  average  of  over  17,000 
acre-feet  per  year  has  been  recorded  at  the  head  of  that  conduit. 
Because  a  large  portion  of  this  water  is  used  consumptively  within 
Tuolumne  County  Water  District  No.  2,   it  is  estimated  that  less  than 
half  of  the  recorded  diversion  adds  to  the  runoff  of  the  Tuolumne 
River  at  La  Grange . 

Ground  Water 

Ground  water,  by  definition,  refers  only  to  that  water 
which  occurs  within  the  zone  of  saturation  in  the  open  spaces  that 
exist  in  most  of  the  materials  comprising  the  earth's  surface.  By 
this  definition,  ground  water  is  found  under  the  entire  extent  of 
the  Southern  Tuoluftine  area.  VJhere  the  spaces  in  the  rock  comprise 
a  relatively  high  percentage  of  the  total  volume  and  are  inter- 
connected, the  rocks  are  called  water-bearing  because  substantial 
amounts  of  water  can  be  removed  from  them.  If  the  open  spaces  in 
the  rock  constitute  little  of  the  total  volume  or  are  not  inter- 
connected, the  rock  will  yield  little  water  and  is  considered  to 
be  nonwater-bearing. 

The  water-bearing  characteristics  of  the  lands  of  the 
Southern  Tuolumne  area  \/ill  be  discussed  while  referring  to  Plate  B-1 
entitled  'Regional  Geology."  All  formations  except  the  alluvium  (Qoi), 
the  glacial  moraine  (Qjjj),  the  andesitic  volcanic  rocks  (Ty^),  and  the 
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auriferous  gravels  (T  )  are  crystalline  and  therefore  nonwater- 
bearing.   Wells,  when  properly  located,  will  drain  the  interconnected 
fractures  and  joints  in  these  nonwater-bearing  rocks  and  yield  flows 
from  5  to  15  gallons  per  minute.   In  the  fall  months  of  water 
deficient  years,  these  wells  frequently  fail.   Such  wells  deliver 
nearly  all  the  present  domestic  water  supplies  in  the  Groveland- 
Big  Oak  Flat  area. 

Alluvium  (Qgl)  <^oes   not  exist  in  sufficient  quantities 
to  be  considered  as  an  aquifer  in  the  Southern  Tuolumne  area.   The 
andesitic  volcanic  rocks  (Ty^)  located  in  Sections  30  and  31 >  Town- 
ship 1  North,  Range  17  East,  and  the  glacial  moraine  (Qj„)  near  Mather 
are  not  located  near  potentially  developable  service  areas  and  there- 
fore were  not  studied  further.  Andesitic  volcanic  rocks  (T„^) 
are  also  found  near  Smith  Station,  but  because  they  outcrop  on  ridges 
and  topographic  highs  and  are  therefore  above  the  zone  of  saturation, 
these  rocks  are  considered  unimportant  to  ground  water  except  as 
they  serve  to  conduct  percolating  waters  to  the  auriferous  gravels 
under  them.   The  auriferous  gravels  (T  )  located  near  Smith  Station 
and  to  the  northwest  are  then  the  only  water-bearing  rocks  near  a 
potential  service  area  in  the  Southern  Tuolumne  area.   Well  produc- 
tion in  this  unit  is  somev^at  variable.   A  well  in  Burch  Meadow 
reportedly  produces  200  gallons  per  minute  with  a  drawdown  of  Uo  feet. 
Other  wells  in  this  unit  appear  to  produce  water  in  comparable  quanti- 
ties.  Until  a  detailed  ground  water  inventory  of  this  area  is  made, 
it  is  impossible  to  determine  the  volume  of  ground  water  storage 
available  or  the  safe  yield  of  these  gravels. 
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Quality  of  Water 
The  surface  waters  of  the  Tuolumne  River  Basin  are  generally 
of  excellent  mineral  quality  and  are  well  suited  for  all  types  of 
use.  Ground  waters  of  Southern  Tuolumne  Coimty,  except  in  certain 
areas,  also  are  generally  of  excellent  mineral  quality  and  well  suited 
for  irrigation  and  other  uses.  Table  7,  entitled  "Mineral  Analyses  of 

Representative  Surface  Waters  of  the  Tuolumne  River  Basin,"  shows 
mineral  analyses  of  representative  waters  of  the  Tuolumne  River 
Basin  and  indicates  desirable  limits  of  mineral  concentrations  in 
Class  1  irrigation  water.  The  water  quality  standards  discussed  in 
this  bulletin  are  those  commonly  employed  by  the  Department  of  Water 
Resources  in  evaluating  mineral  quality  of  water  relative  to  urban, 
suburban,  irrigation,  and  fish  and  wildlife  requirements.   Such 
standards  are  merely  guides  to  the  appraisal  of  water  quality.  Except 
for  those  constituents  which  are  considered  toxic  to  human  beings, 
these  staindards  should  be  considered  as  suggested  limiting  values. 
A  water  which  exceeds  one  or  more  of  these  limiting  values  need  not 
be  eliminated  from  consideration  as  a  source  of  supply,  but  other 
sources  of  better  quality  water  should  be  investigated. 

Quality  of  Surface  Water 

Analyses  of  surface  water  samples  collected  in  1959  from 
the  Tuolumne  River  Basin  showed  that  the  waters  were  of  excellent 
mineral  quality  and  were  well  suited  for  irrigation  and  other  uses. 
In  addition,  the  department  has  collected  samples  monthly  from  the 
Tuolumne  River  at  Don  Pedro  Dam  for  the  past  five  years  as  a  part 
of  the  surface  water  qusility  monitoring  program.  Records  of  this 
program  indicate  that  waters  flowing  in  the  Tuolumne  River  were 
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consistently  of  excellent  queility.  The  waters  were  characterized 
by  a  very  low  content  of  total  mineral  solubles,  chloride,  and  boron, 
and  by  a  low  percent  of  sodium.  Aneilyses  of  surface  water  samples 
from  minor  tributary  streams  indicate  that  waters  from  these  sources 
have  a  higher  concentration  of  mineral  solubles  than  waters  from 
the  main  stem  of  the  Tuolumne  River,  but  are  well  within  the  allow- 
able limits  of  Class  1  irrigation  water.   Class  1  irrigation  water, 
as  defined  by  the  Department  of  Water  Resources,  is  suitable  under 
most  conditions  for  most  crops.  Class  2  water  is  of  doubtful  suit- 
ability, under  certain  conditions,  for  crops  of  low  salt  tolerance 
including  citrus,  deciduous  fruit,  some  vegetables,  and  most  clover 
grasses.  Class  3  water  is  ordinarily  unsatisfactory  for  all  crops 
except  the  more  tolerant  plants  such  as  cotton,  sugar  beets,  and 
sailt-tolerant  forage  grasses. 

The  quality  of  surface  water  samples  collected  in  1959 
also  easily  meets  U.  S.  Public  Health  Standards  for  drinking  water. 

Waters  of  high  quality  are  necessary  for  preservation  and 
protection  of  fish  and  wildlife.  High  quality  is  required  not  only 
for  the  proper  environment  of  fish  but  also  for  maintenance  of 
naturally  occurring  food  upon  which  fish  depend  for  survival. 

Quality  of  Ground  Water 

Samples  of  ground  water  were  collected  from  selected  springs 
and  wells  within  Tuolumne  County  in  1959  for  quality  analysis.  Since 
only  a  few  samples  were  collected  within  the  Southern  Tuolumne  area, 
and  since  ground  water  quality  is  probably  relatively  uniform  through- 
out the  county,  all  available  ground  water  emeilyses  in  the  county 
were  used  in  the  Southern  Tuolumne  area  ground  water  study.  The 
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mineral  quality  of  water  from  wells  and  springs  in  the  county  was 
determined  to  be  extremely  well  suited  to  irrigation  uses.  However, 
on  the  basis  of  suitability  for  domestic  uses,  water  from  some  wells 
did  not  meet  prescribed  standards  for  mineral  quality  set  by  the 
U.  S.  Public  Health  Service.   For  example,  water  obtained  from  one 
well  in  the  vicinity  of  Yosemite  Junction  was  found  to  contain  slightly 
more  than  the  allowable  limit  of  arsenic  (0.05  parts  per  million). 
Other  wells  in  the  vicinity  of  Rawhide  Flat  and  Groveland  contain 
water  with  more  than  the  recommended  limits  of  the  combination  of 
iron  and  manganese  (0.3  parts  per  million).  A  summary  showing  the 
arithmetic  averages  of  the  mineral  constituents  of  all  available 
ground  water  samples  and  comparisons  with  the  allowable  limits  set 
for  Class  1  water  is  presented  in  Table  8,  entitled  "Mineral  Analyses 
of  Ground  Water  from  Representative  Wells  Within  Tuolumne  County." 
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CHAPTER  III.    LAND  AND  V7ATER  USE 


Predictions  of  the  future  extent  of  water  use  in 
Southern  Tuolumne  County  underlie  all  proposeils  for  the 
development  of  water  for  the  area.   Such  predictions 
require  the  consideration  of  population  trends,  the 
classification  of  land  as  to  possihle  use  and  the  pre- 
diction of  future  land  use.   Once  it  is  known  how  certain 
lands  may  be  used,  it  becomes  possible  to  say  how  much 
water  that  use  will  require. 

This  chapter  discusses  population  trends  and  land 
and  water  use  in  Southern  Tuolumne  County.   It  describes 
methods  by  which  predictions  of  future  water  require- 
ments within  the  area  are  made. 


Area  Units 
The  Southern  Tuolumne  County  area  has  been  subdivided  into 
three  parts  (units)  to  facilitate  discussion  of  land  and  water  use. 
The  three  units  are  delineated  on  Plate  5,  entitled  "Classification 
of  Present  and  Potential  Land  Use."  These  three  units  are: 

Moccasin  Unit 
°  Groveland  Unit 
°  Harden  Unit 

The  Moccasin  Unit 

The  Moccasin  Unit  is  bounded  on  the  southeast  and  south- 
west by  the  Tuolumne  County  line,  on  the  northwest  by  the  Tuolumne 
River,  and  on  the  northeast  by  the  northerly  Moccasin  Creek  drainage 
boundary.  This  unit  has  a  gross  area  of  5T,080  acres. 

The  Groveland  Unit 

This  unit  is  located  in  the  middle  portion  of  Southern 
Tuolumne  County  and  is  shaped  roughly  like  a  parallelogram.  The 
unit  is  bounded  on  the  north  by  the  Tuolumne  River,  on  the  northeast 
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by  Tuolumne  River  and  Jawbone  Ridge,  on  the  southeast  by  the  drainage 
divide  of  that  portion  of  the  Tuolumne  River  and  the  South  Fork 
Tuolumne  River  above  the  confluence  of  those  two  streams .  and  on  the 
south  by  the  Tuolumne  County  line.   The  unit  is  bounded  on  the  south- 
west by  the  Moccasin  unit.   This  unit  has  a  gross  area  of  ^3-T80  acres. 

The  Harden  Unit 

The  Harden  Unit  includes  the  remaining  easterly  one  third  of 
the  Southern  Ti;olumne  area  and  has  a  gross  area  of  T1,T6o  acres. 

Land  Use 
Predictions  of  the  future  extent  of  water  use  in  Southern 
Tuolumne  County  depend,  in  part,  upon  estimates  of  future  land  use 
within  the  area.   Therefore,  a  projection  was  made  of  long-term 
agricultural  developments  and  adjustments;  of  municipal,  recreational, 
and  industrial  developments;  and  of  population  growth.   These  projec- 
tions were  based  on  the  following  assumptions: 

Population  will  continue  to  grow,  increase  to  an 
estimated  420  million  in  the  United  States,  56  million 
in  California,  103,000  in  Tuolumne  County,  and  9,600  in 
Southern  Tuolumne  County,  by  the  year  2020. 

°  A  relatively  high  level  of  employment  and  consumption 
will  prevail  during  the  period  from  the  present  to  at  least 
the  year  2020. 

°  Price-cost  relationships  will  resemble  those  of  the 
period  1952-56,  especially  with  respect  to  agricultural 
production  and  returns. 

°  The  demand  for  land  will  continue  to  increase,  since 
it  is  a  scarce  resource. 

o  With  respect  to  the  projected  crops,  the  proposed 
service  area  may  not  have  a  competitive  advantage  with  the 
other  areas  of  the  State;  but  the  crops  are  the  most  advan- 
tageous for  the  area. 
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°  Water  of  suitable  quality  will  be  available  at  a 
cost  considered  not  unduly  restrictive  to  irrigation 
development,  except  as  specifically  noted  otherwise. 

The  last  assumption  proved  upon  further  study  to  be  incor- 
rect.  No  project  was  found  which  could  supply  irrigation  water  at 
a  cost  within  the  estimated  ability  of  the  users  to  pay.  Neverthe- 
less, the  derived  water  requirements  for  agricultural  use  under  the 
above  assumptions  are  of  value  and  will  be  discussed  further  in  this 
chapter.  The  effect  of  the  inability  to  serve  agricultural  users 
should  not  significantly  affect  the  projections  for  recreational, 
industrial,  or  municipal  requirements. 

Projection  of  Population 

Predictions  of  the  population  in  Southern  Tuolumne  County 
were  made  to  provide  a  base  for  projecting  land  use  and  water  use 
in  the  year  2020.  Table  9,  entitled  "Present  and  Predicted  Permanent 
Population  Southern  Tuolumne  County,"  presents  these  predictions  for 
urban,  suburban,  recreation,  and  rural  population  in  the  Harden, 
Groveland,  and  IVfoccasin  Units. 

The  present  population  distribution  was  based  upon  a  study 
of  the  results  of  the  1960  census.  The  year  2020  estimate  of 
total  Tuolumne  County  population  was  obtained  from  a  previous  depart- 
mental population  study  of  California.  The  distribution  of  year 
2020  population  by  type  and  by  unit  was  estimated  as  part  of  this 
investigation  by  considering  the  classification  of  lands,  the  county- 
wide  opportunity  for  employment,  and  by  applying  considerable  judgment, 
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TABLE  9 

PRESENT  AND  PREDICTED  FUTURE  PERMANENT  POPULATION 
SOUTHERN  TUOLUMNE  COUNTY 


:   Harden 

Unit 

Groveland  Unit: 

:  Year: 

Present  :  2020: 

Moccasin  Unit 

:  Area  total 

Population 

:  Precent 

:  Year  : 
:  2020  : 

Present: 

Year 

2020 

: Present 

:  Year 

:  2020 

Urban 

* 

* 

200 

900 

150 

l,i+00 

350 

2,300 

Suburban 

* 

■X- 

110 

1,900 

100 

i+00 

210 

2,300 

Recreation 

100 

1,200 

80 

ilOO 

* 

* 

180 

1,600 

Rural 

200 

1.300 

150 

1,300 

150 

800 

500 

3,Uoo 

TOTAL 

300 

2,500 

5U0 

^,500 

1+00 

2,600 

1,21+0 

9,600 

*   Less  than  50 


Classification  of  Land 

As  an  aid  to  land  use  predictions,  lands  in  Southern  Tuolumne 

County  were  segregated  into  six  land  use  designations: 

°  Irrigable  agricultural 

°  Irrigable  forest  and  range 

o  Urban  and  suburban 

°  Recreation 

°  Park 

°  All  others 

Irrigable  Agricultural  Lands.   Irrigable  agricultural  lands  are 

classified  according  to  slope  and  soil  characteristics.   Both  slope  and 

soil  depth  directly  affect  the  degree  of  suitability  of  the  lands  for 

irrigation,  and  both  remain  relatively  constant  throughout  extended 

periods  of  time.   Consideration  was  not  given  to  indirect  economic 

factors  related  to  crop  production  and  marketing  or  to  the  location  of 

a  water  supply  because  such  factors  vary  vrlth  time.   These  latter  factors 

are  considered,  hov/ever,  in  developing  future  patterns  of  land  use. 
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Topographic  conditions  influence  irrigation  practices  and 
crop  adaptabilities,  which  in  turn  affect  the  amount  of  land  that 
will  ultimately  be  irrigated. 

Topographic  characteristics  of  irrigable  agricultural  lands 

are  identified  in  the  table  of  this  bulletin  by  the  following  symbols: 

V  -  These  lands  are  level  or  slightly  sloping  and 
vaiy  from  smooth  to  hummocky  or  gently  undulating  relief. 
The  maximum  allowable  slope  is  6  percent  for  smooth,  reason- 
ably large- sized  bodies  lying  in  the  same  plane.  As  the 
relief  increases  and  becomes  more  complex,  lesser  slopes 
become  limiting.  These  lands  are  suitable  for  all  cli- 
matically adapted  crops. 

H  -  These  lands  have  greater  slope  and/or  relief 
than  those  of  the  V  class.  They  vary  from  smooth  to 
moderately  rolling  or  undulating  relief.  The  maximum 
allowable  slope  is  20  percent  for  smooth,  reasonably 
large-sized  bodies  lying  in  the  same  plane.  As  the  relief 
increases  and  becomes  more  complex,  lesser  slopes  become 
limiting. 

M  -  These  lands  have  greater  slope  and/or  relief 
than  those  of  the  H  class.  They  vary  from  smooth  to  steeply 
rolling  or  undulating  relief.  The  maximum  allowable  slope 
is  30  percent  for  smooth,  reasonably  large-sized  bodies 
lying  in  the  same  plane.  As  the  relief  increases  and  be- 
comes more  complex,  lesser  slopes  become  limiting. 

Irrigable  agricultural  lands  identified  as  V,  H,  or  M, 
contain  permeable  soils  with  medium  to  deep  effective  root  zones. 
They  are  free  of  rock  and  not  limited  by  a  high  water  table.   Varia- 
tions from  this  pattern  are  identified  in  the  tables  of  this  bulletin 
by  the  following  subsymbols: 

p  -  Shallow  depth  of  effective  root  zone;  land 
limited  to  shallow  rooted  crops. 

r  -  Sufficient  rock  to  restrict  crop  cultivation. 

w  -  High  water  table;  land  limited  to  pasture 
crops  unless  drainage  and  a  change  in  irrigation  practice 
increase  its  adaptability  to  other  types  of  crops. 
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Even  in  the  most  intensively  developed  areas  of  irrigated 

agriculture,  all  areas  classified  as  irrigable  agricultural  lands  would 

not  receive  water  every  year.  The  gross  irrigable  sireas  were  therefore 

reduced  for  the  following  reasons: 

°  Farmers  would  limit  production  on  lands  having 
limited  adaptability  and  productivity  to  periods  when 
economic  conditions  were  favorable. 

°  Crop  rotation  and  fallowing  would  reduce  the 
extent  of  irrigated  land. 

°  Farmsteads,  industries,  and  rights-of-way  such  as 
roads,  railroads,  and  canals  would  occupy  acreage, 

o  Certain  nonirrigable  lands  occur  within  lands 
classified  as  irrigable  because  the  area  involved  was 
too  small  to  delineate. 

°  Small,  irregularly  shaped  plots  of  land,  isolated 
by  ownership  or  location  from  larger  units  of  irrigable 
land,  would  be  Irrigated  less  readily  than  the  larger  units. 

Irrigable  agricultural  lands  amount  to  11,090  acres.   Estimates 
indicate  that  about  2k   percent,  or  2,66o  acres,  of  the  gross  irrigable 
agricultural  lands  would,  for  the  above  reasons,  be  devoted  to  non- 
agricultural  uses.  A  net  irrigable  acreage  of  8,^30  acres  would  remain. 

Irrigable  Forest  and  Range  Lands.  These  lands  are  presently 
forested  or  subjected  to  forest  or  range  management.  They  possess 
the  slope  and  soil  characteristics  of  irrigable  agricultural  lands 
but,  because  of  conditions  of  climate  and  location,  are  best  suited 
to  remain  under  some  type  of  forest  or  range  management  program. 
The  tables  of  this  bulletin  identify  irrigable  forest  and  range  lands 
with  the  symbol  "F." 

Urban  and  Suburban  Lands.  These  lands  may  be  irrigable  or 
nonirrigable.  Irrigable  lands  classified  as  potential  urban  and 
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suburban  lands  possess  the  characteristics  of  irrigable  agricultural 

lands  (V,  H,  or  M),  but  most  likely  will  be  used  to  absorb  urban 

and  suburban  expansion  brought  about  by  the  anticipated  increase  in 

population.   Estimates  of  population  in  Southern  Tuolumne 

County  in  the  year  2020  (Table  9)  were  used  to  help  determine  the 

amount  of  land  v^ich  was  classified  as  potential  urban  and  suburban 

land.  The  tables  of  this  bulletin  identify  urban  and  suburban  lands 

by  the  following  symbols: 

UD  -  Urban  (city,  town,  small  community)  lands; 
presently  developed  for  commerce,  industry,  and  residences. 

U  -  Potential  urban  (city,  town,  small  community) 
lands;  probable  intense  future  development  for  commerce, 
industry  and  residences. 

SR  -  Suburban  and  potential  suburban  lands;  low 
density  of  residences;  little  or  no  commerce  or  industry. 

The  main  purpose  in  the  determination  of  U  and  SR  lands 

was  to  indicate  those  irrigable  lands  of  Southern  Tuolumne  County 

\diich  urban  encroachment  would  render  unavailable  for  agriculture 

by  the  year  2020.   Estimates  of  water  use  in  U  and  SR  lands  by  the 

year  2020  are  based  on  predicted  population  rather  than  on  area. 

SR  lands  subdivide  into  lands  of  high  and  low  exterior  water  use. 

On  the  high  exterior  water  use  SR  lands,  it  was  assumed  that  most 

of  the  area  that  was  not  devoted  to  dwellings  would  be  irrigated. 

On  the  low  exterior  water  use  lands,  it  was  assumed  that  the  water 

use  would  be  confined  to  the  dwelling  and  its  landscaping. 

Recreation  Lands.  These  consist  of  lands  presently  or 
potentially  characterized  by  fairly  intensive  recreation  development 
requiring  water  service.   The  classification  does  not  include  those 
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high  mountainous  lands  intensively  used  for  recreation  purposes  "by- 
hunters  and  fishermen.   Estimates  of  future  population  expansion 
(Table  9)  and  recognition  of  the  increasing  demand  for  recreation 
areas  were  considered  in  determining  the  acreage  classified  as 
potential  recreation  land.   Estimates  indicate  that  land  so  classi- 
fied in  Southern  Tuolumne  County  will  be  used  to  only  about  half 
its  full  potential  by  the  year  2020.   Estimates  of  water  use  in 
recreation  lands  are  based  on  predicted  population  rather  than  on 
area.  Types  of  recreation  lands  are  identified  in  the  tables  of  this 
bulletin  by  the  following  symbols: 

RR  -  Existing  and  potential  permanent  and 
summer  home  tracts . 

EC  -  Existing  and  potential  commercial  areas 
(motels,  resorts,  hotels,  stores,  etc.). 

RT  -  Existing  and  potential  camp  and  trailer 
sites. 

RR  lands  subdivide  according  to  their  probable  density  of 
development.  For  example,  fewer  houses  per  acre  will  be  built  on 
hilly  land  than  on  flat  land.  Calculations  of  the  density  of  develop- 
ment of  RR,  RC,  and  RT  lands  provide  a  basis  for  predicting  water 
use  and  requirements  within  Southern  TuolvLmne  County  in  the  yeax  2020. 

Park  Lands.  These  lands  use  little  water  and  consist  of 
existing  county,  state,  and  federal  parks,  race  tracks,  and   fairgrounds, 
The  tables  of  this  bulletin  identify  park  lands  with  the  symbol  "PP." 

All  Other  Lands.  These  are  identified  in  the  tables  of  this 
bulletin  by  the  symbol  "N".  The  classification  consists  of  all  lands 
not  included  in  one  of  the  five  previous  designations.  Table  10, 
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TABLE  10 
CLASSIFICATION  OF  LANDS  IN  SOUTHERN  TUOLUMNE  COUNTY 

(in  acres) 


Land  classification 


Harden 


Unit 


Grove land   :  Moccasin 


Total 


Irrigable  agricultiiral  lands 
V 

Vw 
Vp 
H 
Hp 
Hr 
Hpr 
M 
Mp 
Mr 
Mpr 

Total  irrigable 
agricultxiral  lands 

Urban  and  suburban  lands 
UD  (developed) 
U  (on  irrigable  lands) 
U  (on  nanirrigable  lands) 
SR  (on  irrigable  lands) 
SR  (on  nonirrigable  lands) 
Total  urban  and  subxxrban 
Isinds 

Recreation  lands 


80 

390 

10 


480 


2,730 
60 
60 

3,070 
800 
110 


6,830 


3,010 


70 

120 
1,120 
130 
560 
110 
490 
260 
920 

3,780 


780 


80 

390 

80 

2,850 

1,180 

190 

560 

3,180 

1,290 

370 

920 

11,090 


60 

120 

180 

-- 

100 

100 

100 

20 

120 

830 

180 

1,010 

2,020 

360 

2,380 

3,790 


RR  (summer  home  tracts) 
RC  (commercial  areas) 
RT  (camp  and  trailer  sites) 
Total  recreation 
lands 

1,380 

50 

1,290 

2,720 

1,620 

10 

210 

1,81+0 

70 

220 

290 

3,070 

60 

1,720 

4,850 

Peirk  lands 
PP 

20 

-- 

— 

20 

Irrigable  forest  and  range  lands 
F 

9,720 

1,470 

730 

11,920 

All  other  lands 
N 

58,820 

30,630 

?1 

,500 

140,950 

TOTALS  ALT,  LANDS 

71,760 

43,780 

57 

,080 

172,620 
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entitled  "Classification  of  Lands  in  Southern  Tuolumne  County,"  shows 
all  six  designations  and  lists  by  units  the  acreage  within  each 
classification  in  Southern  Tuolumne  County. 

Present  and  Future  Land  Use 

Table  11,  entitled  "Present  and  Future  Pattern  of  Land  Use 
in  Southern  Tuolumne  County,"  shows  patterns  of  land  use,  in  acres,  at 
present  and  predicted  patterns  of  land  use  for  the  year  2020.  Plate  5j 
entitled  "Classification  of  Present  and  Potential  Land  Use,"  depicts 
such  land  use  within  the  Harden,  Groveland,  and  Moccasin  Units. 

The  predominant  present  use  of  land  receiving  water  service 
within  Southern  Tuolumne  County  is  for  recreation  purposes.   Since  the 
Groveland-Big  Oak  area  is  very  close  to  the  recreation  opportunities 
offered  in  the  Stanislaus  National  Forest  and  Yosemite  National  Park, 
the  area  is  an  attractive  site  for  summer  and  retirement  homes.  Presently 
irrigated  agricultural  lands  constitute  less  than  13  percent  of  the  area 
currently  receiving  water  service. 

Predictions  for  the  year  2020  indicate  that  if  an  adequate 
water  supply  is  made  available  at  a  reasonable  cost,  the  areas  using 
water  for  agricultural,  urban,  and  recreation  purposes  will  expand  to 
about  19  times  their  present  size.   Since  no  project  was  found  to  supply 
irrigation  water  at  a  cost  within  the  ability  of  the  users  to  pay,  the 
use  of  land  for  irrigated  agriculture  will  probably  not  be  as  great  as 
that  projected. 

In  summary,  these  predictions  were  developed  by  consideration 
of  classification  of  lands  and  population  forecasts.  The  classified 
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lai;ds  v/ere  studied  to  determlTie  their  sui^nbility  for  urban  and  suburban 
develoDment ,  foi'  recreation,  and  for  irri,n;a-ced  a p;ri culture.   Populai^ion 
ec-timates  vore  related  to  developable  lands,  and  ad.juctmenLs  were 
made  in  the  distribution  of  population  and  extent  of  development. 
Considerable  jud.-^^ent  was  applied  dui'ing  this  process. 

V/ater  Use 

Although  the  waters  of  the  Tuolumjie  River  Basin  have  been  and 
are  being  developed  for  use  in  areas  outside  of  Tuolumne  County,  water 
use  witiiin  Southern  Tuolunmo  County  has  remained  relatively  constarit 
for  several  decades.   The  South  Fork  Tuolumno  River  could  be  developed 
to  meet  the  future  consusTiptive  needs  of  Southern  Tuolumne  County,  as 
well  as  nonconsuraptive  uses  for  recreation,  hydroelectric  pov;er 
production,  and  fish  and  wildlife  enhancement  purposes. 

Ac  present,  surface  water  diversions  for  use  within  Southern 
Tuolumne  County  aveiage  about  UlO  acre-feet  annually.   Urban,  subui-ban, 
rural  domestic,  and  recreation  uses  require  about  l6o  acre-feet  annually, 
and  there  is  also  an  annual  irrigation  use  of  about  250  acre-feet.   If 
water  is  made  available  to  useis  ao  a  cost  wlchin  their  ability  to  pay, 
it  is  estimated  that  the  annual  water  requirement  would  increase  to 
17, Goo  acre-feet  by  the  year  2020.   Of  the  17,800  acre-feet,  lU  percent 
would  be  required  for  urban,  suburban,  rural  domestic,  .and  recreation 
purposes  and  the  remaining  8o  percent  would  be  available  for  irrigation 
pui-poses.  No  project  was  found  which  would  supply  irrigation  water  at  a 
cost  v/ithin  the  ability  of  the  users  to  pay;  therefore,  it  was  estimated 


hQ 


that  the  water  delivery  requirements  for  irrigation  purposes  would 
remain  relatively  constant.  It  is  further  estimated  that  the  water 
requirement  would  increase  only  to  2,750  acre-feet  annually  by  the 
year  2020.   Of  the  2,750  acre-feet,  2,500  acre-feet  would  be  required 
for  urban,  suburban,  rural  domestic,  and  recreation  puirposes  while 
the  remaining  250  acre-feet  would  be  required  for  irrigation  purposes. 

Existing  Water  Supply  Developments 

In  this  bulletin,  predictions  of  the  future  extent  of  water 
use  in  Southern  Tuolumne  County  underlie  all  proposals  for  the  develop- 
ment of  water.   Such  predictions  rely,  in  part,  upon  estimates  of 
present  water  use. 

The  principal  supply  of  water  for  meeting  present  water 
delivery  requirements  within  Southern  Tuolumne  County  is  ground  water. 
Plate  9,  entitled  "Possible  Features  of  Basin  Plans  for  Water  Develop- 
ment in  the  Tuolumne  River  Basin,"  shows  present  developments  within 
the  Tuolumne  River  Basin.  Table  12,  entitled  "Dams  Under  the  Jurisdic- 
tion of  the  State  of  California  in  or  Adjacent  to  Southern  Tuolumne 
County,"  lists  pertinent  statistics  for  those  dams  within  the  basin 
which  come  under  state  supervision.  Table  13,  entitled  "Hydroelectric 
Power  Plants  in  or  Adjacent  to  Southern  Tuolumne  County, "  lists  pertinent 
statistics  for  powerhouses  located  within  the  basin. 

VJater  Delivery  Requirements 

A  water  delivery  requirement  is  the  amount  of  water  needed 
to  supply  consumptive  use  plus  all  losses  of  water,  both  recoverable 
and  irrecoverable,  incidental  to  such  use.  Consumptive  use  refers  to 
water  used  by  vegetation  for  transpiration  and  for  building  of  plant 


h9 


^ 


§   g 


w 


e  -p 

o   a; 

o  H 

ft 


+-> 
O    03    (1> 

■p  (i  M 

w     ff!    o 


W      0)      > 


Jh     O    rH 

o        w 


+j  -p 

w  ^  -p 

Jh  -H    -H  OJ 

O  (1)  <(-i 


-p  ^ 

to    -P  4-> 

0)  ho  c  a; 

fs    C   -H    (D 

I — I 


c 


fi  Pi 

tS  -H 

o  ^ 

Eh  W 


CO  4-> 


01 

u 

CO 


OJ 

a  o  CO 

3        xJ 


•s 

^ 

«^ 

^ 

•s 

c 

^ 

rH 

H 

•-{ 

rH 

rH 

H 

O 

c 

c 

o 

a 

o 

& 

t 

o 

a 

o 

& 

o 

^ 

•H 

p 

o 

•H 

o 

■H 

•H 

•rl 

•H 

•H 

•H 

•H 

•H 

•H 

■H 

•H 

•v 

cd 

-p 

■P 

+J 

o 

fn 

-P 

O 

^ 

»v 

U 

■P 

O 

u 

P 

V 

^f 

+-> 

CJ 

^1 

t>0 

CO 

u 

(0 

U3 

•H 

01 

W 

•rJ 

<u 

fn 

•H 

to 

•H 

<u 

to 

■H 

0) 

to 

•H 

(U 

•H 

bO 

OJ 

bO 

(U 

c 

? 

03 

g 

> 

^ 

§ 

C 

> 

0) 

C 

? 

sa 

C 

B 

tl 

•H 

Jj 

■H 

g 

H 

5 

Q 

o 

« 

9 

O 

9 

O 

a 

P 

Ih 

J-l 

o 

^ 

o 

^ 

Pi 

o 

E 

Pi 

o 

B 

0 

^ 

Pi 

o 

c 

Pi 

O 

g 

Pi 

•H 

^ 

Pi 

^1 

Q 

^ 

PU 

O 

Q 

o 

H 

Lf^ 

CO 

o 

m 

cn 

^ 

cn 

-^ 

<M 

H 

oo 

OJ 

OJ 

UA 

(M 

ON 

ON 

On 

ON 

On 

CTn 

On 

On 

CO 

H 

H 

rH 

H 

H 

rH 

H 

rH 

00 

CO 

g 

LTN 
OJ 

g 

o 

ITN 

8 

O 
O 

8 

-J- 

^^ 

L(-\ 

O 

CO 

OJ 

o 

CO 

O 

C3N 
CO 
CM 

LTN 

^ 

rH 

t- 

OJ 

U~\ 

LTN 

On 

-:}■ 

LTN 

vo 

OJ 

rH 

J- 

H 

O 

ON 

on 

VO 

C7N 

CO 

OJ 

t- 

NC 

OJ 

*N 

•s 

•s 

•» 

»t 

CM 

^ 

on 

CVJ 

-=t 

CM 

OJ 


0) 
H-> 

(U 
U  Xi 

o   o 
C    H 


o 

CJ 


r-] 


^ 


0) 

>H       C 

w 


rH 

O 

^ 

CO 

u-\ 

VO 

VO 

VO 

rH 

0^1 

rH 

cn 

o 

^ 

t^ 

O 

o 

O 

^ 

^ 

8 

VO 

»* 

•v 

*\ 

r-l 

H 

CM 

XJ   H 

13 

rd     H 

^ 

3     -rH 

■p 

^ 

c3   -H 

Pi 

•H   ^ 

^^ 

0) 

•H 

^^ 

^^ 

H-)     O 

t:  8 

o 
c 

Cd 

^4 

t  8 

t^  8 

fS^ 

o 
u 

bD 

CD    U 
W 

cd   U 

w 

w 

w 

w 

w 

H 

ON 

ur\ 

c? 

VO 

ON 

rH 

H 

CM 

rH 

H 

on 


2  -^ 

cd  a; 

0)  >H 

H  o 


CO 


J- 


VO 


■P    Ti     C    tH 

•H  q  :d  o  Cd 
o  S  o 
o 


CO 


o 

o 
to 

•H 

o 
c 
cd 


a 


o 

c 

•H 

-§) 

C 

to    U 

3      >-3 

•p 

Cd 

Cd   01 

Cd   to 

(0 

Q)     0) 

o   :s 

x:  to 

0) 

4^     rH 

C!    W 

8^ 

2 

CO    0) 

-    c 
o 

■H 

o 


(U  cd 
^  > 


CO 

CM 


o 

J- 
o 


0>    P^ 


cn 

H 


OJ 


<U    >> 


-p 

H-> 

+^ 

■P 

OJ 

•H 

(U 

•H 

(h 

> 

M 

> 

o 

01 

o 

01 

c 

O 

fe 

c 

O 

fe 

o 

o 

w 

w 

^ 

^ 

•-{ 

r-{ 

CO 

ro 

CM 

ro 

UTN 

VO 

CO 

H 

— ' 

"^"c^^^ 

O    to 

^ 

O    -H    -p 

U 

-P    -P     o 

C) 

rd     to     03    -H 

H 

C    01    bD  ^1 

b 

(d    <rt    -H    4-) 
O    ^H    to 

^ 

S     ^^    -H 

M  O 

o 

C    OJ 
O  Ph 

p 


(U 

bO 


50 


H 


^         § 


O 

C 

o 

•H 

cd 
> 


o 

■H 

(d 
a;  +J 


fn 


0^ 

3 

t- 

-^ 

4-> 

rH 

OJ 

J- 

c  (u 

W 

CM 

o\ 

ro 

H     lU 

•^ 

•* 

Vl 

CVJ 

OJ 

t3  >> 

^^ 

H  -H 

Cd  u 

p  aJ 

w  ft 

c  cd 

M  o 


I*. 

C 

cd 


O   Xi 

Eh    tn 


CO  4-> 


-p 
cd 
? 

(*H 

O 

cu 
o 

O 
CO 


U    O 


«    0) 


« 


u 
-p 

CO 


CVJ 


8 

O 

o 

g 

o 

MD 

o 

^ 

^ 

*^ 

LTN 

en 

o 

oo 

^- 

H 

1 

S 

w 

H 

to 

a  u 

Cd  a> 

0)  ^ 

H  CJ 
W 


S  9 


OJ 


0) 

a 


a> 

CJ 


o 


a; 
>?| 

3   H 

w 


o 
o 
o 

CM 


8 


H 

ON 

M3 

H 

OO 

CO 

-* 

rH 

^D 

H 

-:t 

OO 

oo 

OJ 

r-i 

o 
oo 


H 

-* 


9 

CO 

CVJ 

CO 
oo 

-* 

tr\ 

VD 

oo 

oo 

rH 

o8    >> 

to 

0)     CO 

«  c 

Int 

O 
OJ 

M 

^0 

Ph 

a  b 

w 

§ 

s 

V 
O 


Turl 
an 

Mode 
Irrig 
Distr 

^->--v 

c 

•rl 
(0 

Cd 
o 

CJ 

Don  Pedro 
La  Grange 

51 


tissues,  and  to  water  evaporated  from  adjacent  soil  and  from  foliage. 

It  also  refers  to  water  similarly  consumed  and  evaporated  by  urban 

and  nonvegetative  types  of  land  use.   In  addition  to  consideration 

of  population  (Table  9)  and  patterns  of  land  use  (Table  11),  derivation 

of  estimates  of  cons\iinptive  uses  and  water  delivery  requirements 

involve  consideration  of  the  following  factors: 

°  Unit  consumptive  use  of  applied  water 

°  Efficiency  factors 

*^  Unit  delivery  requirements. 

Unit  Consumptive  Use  of  Applied  Water.   Unit  consumptive 
use  of  applied  water  is  a  measure  of  the  amount  of  water  consumptively 
used  in  transportation  and  evaporation  and  is  expressed  either  in 
gallons  per  capita  per  day  or  in  acre-feet  per  acre  per  year.* 

Efficiency  Factors.   Urban  water  use  efficiency,  expressed 
as  a  percentage,  is  the  ratio  of  the  urban  unit  consumptive  use  of 
delivered  water  to  the  urban  unit  delivery  requirement.   Similarly, 
farm  irrigation  efficiency  is  the  ratio  of  the  farm  unit  consumptive 
use  of  applied  water  to  the  farm  unit  delivery  requirement.   Urban 
water  use  efficiency  percentages  were  used  to  convert  unit  consump- 
tive use  of  delivered  water  into  unit  delivery  requirements.  Farm 
irrigation  efficiency  percentages  were  used  to  convert  unit  consump- 
tive use  of  applied  water  into  farm  unit  delivery  requirements.   Urban 
water  use  efficiency  in  Southern  Tuoliimne  County  is  estimated  to  be 
about  50  percent;  farm  irrigation  efficiency  is  estimated  to  be  about 
65  percent. 


*   A  modification  of  a  method  developed  by  Harry  F.  Blaney  and 
Wayne  D.  Criddle  of  the  U.S.  Soil  Conservation  Service  was  used  to 
determine  units  of  consumptive  use  for  crops  adequately  irrigated 
under  average  weather  conditions  in  Southern  Tuolumne  County. 
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Unit  Delivery  Requirements.  Urban  unit  delivery  requirements 
are  measures  of  water  delivery  requirements  for  urban,  suburban,  and 
rural  domestic  uses,  and  for  recreation.  They  are  expressed  in  gallons 
per  capita  per  day.* 

SimilEirly,  a  farm  unit  delivery  requirement  is  the  amount  of 
applied  water  with  which  an  acre  of  land  must  be  irrigated  to  meet  the 
consumptive  use  requirement  of  the  crop  plus  incidental  losses.  The 
farm  unit  delivery  requirement  is  expressed  in  acre-feet  per  acre  per 
year.  Both  urban  and  farm  unit  delivery  requirements  include  water  that 
will  be  lost  to  the  areal  unit  under  study,  and  they  exclude  that  part  of 
the  consiimptive  use  met  by  precipitation.  In  most  instances,  a  portion 
of  the  water  requirement  necesseiry  to  supply  consumptive  use  will  return 
to  the  river  and  be  available  for  diversion  downstream. 

Table  ik,   entitled  "Present  and  Future  Urban  Unit  Delivery 
Requirements  and  Unit  Consumptive  Use  of  Delivered  Water  in  Southern 
Tuolumne  County, "  shows  present  and  future  urban  unit  delivery  require- 
ments, and  unit  consumptive  use  of  applied  water  in  gallons  per  capita 
per  day  for  rural  domestic,  urban,  suburban,  and  recreation  developments 
in  Southern  Tuolumne  County.** 

Table  15,  entitled  "Farm  Unit  Delivery  Requirements  and  Unit 
Consumptive  Use  of  Applied  Water  in  Southern  Tuolumne  County, "  shows 


*  Studies  of  water  deliveries  in  the  Sonora,  Twain  Harte,  and  Lake  Tahoe 
areas  and  in  eight  representative  towns  in  both  the  Sierra  Nevada  and  the 
Cascade  Range  contributed  toward  estimates  of  ixnit  delivery  requirements 
in  Southern  Tuolumne  County. 

**  The  increase  in  the  average  rate  of  water  use  per  capita  in  such 
developments  has  continued  throughout  the  past  several  decades  and  is 
expected  to  continue  into  the  future.   Estimates  of  future  requirements 
are  based  on  studies  of  such  water  use  trends  although  it  is  recognized 
that  past  rates  of  increase  do  not  form  a  completely  satisfactory  base 
for  the  projection  of  future  water  requirements. 
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present  suid  future  farm  unit  delivery  requirements  and  unit  consumptive 
use  of  applied  water  in  acre-feet  per  acre  per  year  for  irrigated 
agricultural  lands  in  the  area.  The  unit  values  of  applied  water  and 
their  corresponding  efficiencies  discussed  in  this  bulletin  are  esti- 
mated annual  averages. 

Derivation  of  Consumptive  Use  and  Water  Delivery  Require- 
ments .  The  present  and  future  consumptive  use  of  applied  water  or 
associated  water  requirement  is  obtained  by  multiplying  the  appropri- 
ate unit  consumptive  use  of  applied  water  or  unit  delivery  requirement 
by  the  area  to  be  served. 

Recreation  lands  in  2020  probably  will  be  used  to  only  hsuLf 
their  estimated  maximum  potential.   Estimated  maximum  water  requirements 
for  such  lands  therefore  are  double  the  requirements  for  the  year  2020. 

The  expansion  of  urban  and  suburban  lands  beyond  2020  probably 
will  continue  to  encroach  on  irrigated  agricultural  lands.   Because 
such  vmdetermined  encroachments  probably  will  require  about  the  same 
amount  of  water  per  acre  as  the  irrigated  agricultural  lands  they  replace, 
estimated  maximxim  water  delivery  requirements  of  irrigated  agricultural 
leinds  include  estimated  maximum  domestic  water  delivery  requirements  of 
urban,  suburban,  and  rural  developments.  The  estimated  maximum  water 
delivery  requirement  of  the  area  therefore  equals  the  sum  of  year  2020 
irrigation  and  domestic  water  requirements  plus  the  product  of  acreage 
open  to  irrigation  after  2020  and  its  farm  unit  delivery  requirement 
plus  twice  the  recreation  water  requirements  of  year  2020. 

Table  l6,  entitled  "Present  and  Future  Water  Uses,  Consumptive 
and  Delivery  Requirements  In  Southern  Tuolumne  County,"  shows  consmnptive 
uses  of  applied  water  and  water  delivery  requirements,  present  and  future 
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in  acre-feet  per  year,  if  water  were  available  at  a  cost  within 
the  ability  of  the  users  to  pay.  In  this  bulletin,  such  uses  and 
requirements  are  estimated  annual  averages. 

Nonconsumptive  VJater  Use  amd  Requirements.  The  use  of 
water  for  hydroelectric  power  generation,  fish  and  wildlife  conser- 
vation, and  recreation  purposes  in  most  instances  does  not  affect 
the  quantity  or  quality  of  the  water.  The  water  is  used  and  then 
returned  to  natural  channels.  Such  use,  therefore,  is  nonconsump- 
tive. Nonconsumptive  water  requirements  and  nonconsumptive  water 
uses  are  considered  to  be  equal  when — as  in  most  cases--the 
irrecoverable  losses  associated  with  the  nonconsumptive  use  are 
negligible . 

Whenever  appropriate.  Chapter  V  outlines  specific  noncon- 
sumptive requirements  for  each  segment  of  the  projects  proposed 
in  this  bulletin.  A  more  general  discussion  of  nonconsumptive 
requirements  within  the  area  follows. 

Hydroelectric  Power  Generation.  The  use  of  water  for 
generation  of  hydroelectric  power  is  the  principal  nonconsumptive 
water  requirement  within  Southern  Tuolumne  County  and  is  an  impor- 
tant factor  in  plans  for  the  development  and  distribution  of  water 
within  the  area.  Revenues  from  the  sale  of  hydroelectric  energy 
developed  by  water  conservation  works  proposed  in  this  bulletin 
might  possibly  be  sufficient  to  reduce  the  cost  of  water  used  for 
other  purposes. 
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Fish  and  V/ildlife  Conservation  and  Einhancement.   Of  con- 
siderable importance  to  the  area  and  to  the  State  as  a  whole  is  the 
preservation  and  enhancement  of  fish  and  wildlife.   The  intentional 
release  of  water  from  a  storage  reservoir  to  maintain  certain  minimum 
streamflows  frequently  detracts  from  the  overall  amount  of  water  avail- 
able for  other  project  purposes  such  as  hydroelectric  power  generation 
and  water  supply.   Nevertheless,  it  is  important  that  existing  fish- 
eries be  maintained.   Moreover,  there  are  streams  which  are  particu- 
larly suitable  for  recreation  and  for  fish  and  wildlife,  and  vriiich 
could  be  enhanced  by  the  construction  of  minor  upstream  storage  works 
to  provide  for  improvement  of  low  streamflow  conditions. 

The  plans  for  water  development  within  Southern  Tuoliimne 
County  presented  in  this  bulletin  provide  for  maintenance  flows. 
Although  there  might  be  some  incidental  enhancement  of  the  fisheries 
of  some  of  the  streams,  no  benefits  were  claimed  for  such  enhancement 
because  the  planned  project  operation  schedule  was  developed  on  the 
basis  of  meeting  hydroelectric  power  generation  and  other  project  needs, 
and  during  other  periods  only  minimum  releases  required  to  maintain 
fisheries  would  be  made. 

Recreation  Purposes.  By  virtue  of  its  climatic  advantages 
and  variety  of  natural  attractions,  the  area  has  outdoor  recreation 
opportunities  of  great  importance  to  the  local  economy  and  of  signifi- 
cant importance  to  the  State  as  a  whole.   With  anticipated  continued 
growth  in  population  and  an  increasing  interest  in  recreation,  it  is 


58 


expected  that  public  demand  for  preservation  and  enhancement  of 
recreation  opportunities  will  be  of  sufficient  importance  to  assure 
that  these  purposes  will  be  considered  in  any  water  resource  develop- 
ment project. 

Water  employed  for  boating,  sailing,  swimming,  and  other 
water  sports  is  available  naturally  or  is  available  from  works 
constructed  and  operated  for  other  purposes.  The  recreation  poten- 
tial of  a  reservoir  can  be  improved  by  maintaining  higher  minimum 
water  levels.  This  improvement  was  considered  in  planning  water 
development  in  the  area. 

Additional  Considerations 

In  addition  to  consideration  of  present  and  future  water 

requirements,  development  of  plans  for  reservoirs  and  irrigation 

canals  requires  consideration  of  the  follo'v/ing  factors: 

°  Conveyance  losses  of  water 
°  Permissible  deficiencies  of  water  supply 
°  Monthly  demands  for  water 
Flood  control 

Conveyance  Losses  of  Water.  Conveyance  losses  include 
evaporation,  transpiration  by  vegetation,  seepage,  and  wastage. 
Ways  were  developed  during  the  present  investigation  to  estimate 
these  losses.  Return  flows  from  irrigated  areas  and  domestic 
developments  would  be  available  for  reuse,  and  were  not  deducted 
from  the  available  water  supply.  Those  losses  not  recoverable 
were  treated  as  evaporation  losses. 
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PeiToissible  DeficiencieG  of  VJater  Supply.   Studies  to 
deterruine  deficiencies  in  the  supply  of  ii-ri^ation  vrater  that  might 
be  endured  without  permanent  injury  to  perennial  crops  were  not 
made  in  connection  with  this  investigation.   It  has  been  determined 
from  prior  investigations  tliat  in  areas  such  as  Southern  Tuolumne 
County,  a  maximum  deficiency  of  35  percent  of  the  full  seasonal 
requirement  can  be  endured  if  the  deficiency  occurs  only  at  rela- 
tively infrequent  intervals.  Therefore,  in  reservoir  operation 
studies,  it  was  assumed  that  a  deficiency  of  35  percent  could  be 
endured  in  one  yeax  of  the  35-year  operational  period.   Smaller 
deficiencies  would  occur  during  less  severe  dry  periods.  The 
average  seasonal  deficiency  dui'ing  the  operational  period  was 
limited  to  two  percent.  No  deficiencies  in  urban  water  require- 
ments were  allowed  at  any  time. 

Monthly  Demands  for  VJater.  A  significant  factor  affecting 
the  sizing  of  primary  conveyance  facilities  is  the  monthly  distri- 
bution of  demands  for  irrigation  water.   Tliese  demands  are  seasonal 
in  nature,  being  generally  from  April  through  October.  The  maxim.um 
rate  of  this  demand  within  Southern  Tuolumne  County  occurs  during 
the  month  of  August.   On  the  other  hand,  the  demand  pattern  for 
dom:estic  water  is  continuous  throughout  the  season  v;ith  increases 
during  the  s'ommor  months  for  the  watering  of  la'/ms  a:id  gardens. 
Recreation  demands  also  show  substantial  increases  during  sujnraer 
months.  Monthly  demands  for  v/ater  for  generation  of  hydroelectric 
enerjj;:,'  are  similar  to  those  for  domestic  v:ater  supplies.  Table  17, 
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entitled  "Monthly  Demands  For  V/ater  In  Southern  Tuolumne  County," 
riresents  estimates  of  average  m.onthly  demands  for  water  for  each 
of  these  purposes. 
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TABLE   17 
MONTHLY  DEMANDS  FOR  WATER  IN  SOUTHERN  TUOLUMNE  COUNTY 
(in  percent  of  anniial  total) 


Month 

:  Hydroelectric 
:      power 

:   Irrigated 
:  agriculture 

:  Domestic 
:   Supply 

:  Recreation 
:     use 

January 

6.1 

0 

5,h 

1.4 

February 

5.3 

0 

5.3 

1.6 

March 

6.9 

0 

^.h 

1.8 

April 

7.6 

1.0 

6.0 

2.3 

May 

8.0 

5.2 

7.2 

12.1 

J\jne 

10.3 

11+.9 

10.1 

20.3 

Ju2^ 

12.9 

2if.l 

13.8 

23.7 

August 

12.9 

24.1 

13.8 

23.7 

September 

9.1 

20.6 

12.5 

7.2 

October 

7.6 

11.3 

8.7 

3.2 

November 

6.5 

1.5 

6.2 

1.3 

December 

6.8 

0 

5.5 

1.4 

TOTALS 


100.0 


100.0 


100.0 


100.0 
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CHAPTER  IV.   MAJOR  WATER  RIGHT  APPLICATIONS 
IN  THE  TUOLUMNE  RIVET!  BASIN 


This  chapter  begins  with  some  general  statements  on 
the  California  law  of  water  rights. 

The  chapter  then  discusses  water  rights  pertaining  to 
the  existing  water  developments  of  the  City  and  County  of 
San  Francisco,  and  the  Turlock,  Modesto,  and  Waterford 
Irrigation  Districts  in  the  Tuoliomne  River  Basin. 

Next,  apparent  water  rights  of  agencies  interested 
in  developing  the  waters  of  the  Tuolumne  River  in  the 
future  are  discussed.  The  State  of  California,  Tuolumne 
County,  Tuolumne  County  Water  District  No.  2,  and  the 
Modesto  and  Turlock  Irrigation  Districts  have  filed  appli- 
cations to  appropriate  water  for  use  resulting  from  further 
development  of  the  waters  of  the  Tuolumne  River  Basin, 

Finally,  the  chapter  discusses  the  effect  of  water 
rights  on  projects  described  in  this  bulletin. 


California  Water  Rights 

All  rights  to  water  in  California  are  usufructuary.  They 
consist  only  in  rights  to  the  beneficial  use  of  the  water.   Water 
itself  is  subject  to  ownership  only  when  it  has  been  taken  into  actual 
possession.  One  who  has  a  usufructuary  right  is  entitled  to  have 
the  water  in  the  surface  streamflow  to  the  point  of  his  diversion, 
or  to  his  riparian  lands,  without  the  unlawful  interference  by  up- 
stream diverters  who  have  rights  vrtiich  are  inferior  to  his . 

Riparian  and  appropriative  rights  to  surface  water  are 
recognized  in  California.  Riparian  rights  are  paramount  until  lost 
or  impaired  by  grant,  condemnation,  or  prescription.  Correlative 
rights  to  ground  water,  also  recognized  in  California,  are  analogous 
to  riparian  rights  to  surface  waters. 
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All  water  rights ^  both  surface  and  underground,  are  sub- 
ject to  the  doctrine  of  reasonable  use  expressed  in  Section  3  of 
Article  ik   of  the  State  Constitution.   This  doctrine  limits  such 
rights  to  the  quantity  of  water  reasonably  required  for  beneficial 
use  and  prohibits  waste,  unreasonable  use,  or  unreasonable  methods 
of  diversion  or  use . 

Riparian  Rights 

Riparian  rights  are  part  and  parcel  of  riparian  lands; 
i.e.,  lands  contiguous  to  a  natural  watercourse  within  a  watershed. 
They  extend  only  to  the  smallest  tract,  so  situated,  held  within 
the  continuous  chain  of  ownership.   Each  riparian  right  is  correla- 
tive with  each  and  every  other  such  right  within  the  watershed.   In 
the  event  of  insufficient  water  for  all,  the  available  supply  must 
be  prorated,  except  that  an  upper  riparian  owner  may  take  the  whole 
supply  if  necessary  for  domestic  use.   Riparian  rights  extend  to 
future  reasonable  requirements  for  beneficial  use  upon  riparian  lands. 

Riparian  rights  do  not  extend  to  use  of  water  on  non- 
riparian  lands,  nor  do  they  permit  the  seasonal  storage  of  water. 
They  are  not  created  by  use  nor  are  they  lost  by  nonuse.   They  do 
not  prevent  temporary  appropriation  by  others  of  water  not  presently 
needed  on  riparian  lands.   The  rights  may  be  severed  or  lost,  in 
whole  or  in  part,  by  grant  or  condemnation,  and  they  cannot  there- 
after be  restored.   A  parcel  of  land  loses  its  riparian  right  when 
separated  from  contact  with  a  stream  by  conveyance,  unless  the  right 
is  specifically  reserved  by  the  grantor.   Riparian  rights  cannot  be 
transferred  for  use  upon  another  parcel  of  land . 
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Riparian  rights  are  superior  to  appropriative  rights, 
except  in  the  case  of  rights  founded  upon  appropriations  of  water 
upon  vacant  public  lands  initiated  before  valid  steps  were  taken 
to  remove  the  riparian  lands  from  the  domain  of  the  United  States, 
regardless  of  whether  the  appropriative  diversions  and/or  the 
lands  they  serve  are  upstream  or  downstream  from  the  riparian 
lands . 

Appropriative  Rights 

The  miners  of  the  early  gold-seeking  period  established 
a  system  of  appropriative  water  rights  in  California.  Their  pro- 
cedure was  based  simply  on  beneficial  use  and  required  no  recorda- 
tion in  establishing  the  right.  The  first  procedure  requiring 
recordation  in  perfecting  an  appropriative  right  was  the  Civil  Code 
enactment  of  18T2  (Civil  Code  Section  1^10-1^^22).  This  procedure, 
modified  several  times,  was  in  use  until  the  Water  Commission  Act 
(Calif.  Stats.  IU13,  Ch.  586)  became  effective  on  December  19,  191^1. 

The  oldest  of  the  procedures  to  perfect  an  appropriative 
right  required  simply  that  a  diversion  be  made  and  the  water  be 
put  to  beneficial  use.  Beneficial  use  established  the  date  of 
priority  of  the  right. 

The  appropriation  procedure  provided  in  the  I872  Civil 
Code  required  an  appropriator  to  post  a  notice  in  writing  in  a 
conspicuous  place  at  the  point  where  he  intended  to  divert  water. 
The  notice  was  required  to  state  the  number  of  inches  of  water 
claimed  by  the  appropriator,  measured  under  a  four-inch  pressure. 
The  purpose  of  the  appropriation,  the  means  of  diversion,  and  the 
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place  of  intended  use  were  also  required  to  be  included  in  the 
notice.   A  copy  of  the  notice  was  required  to  be  recorded  in  the 
office  of  the  county  recorder  within  ten  days  after  being  posted. 
The  appropriative  right  thus  initiated  became  perfected  when  the 
^nrater  was  diligently  put  to  beneficial  use,  but  the  right  related 
back  to  the  time  the  notice  was  posted.   While  the  1872  Civil  Code 
procedure  was  the  first  to  require  recordation,  it  was  not  an 
exclusive  procedure  in  that  an  appropriative  right  still  could  be 
perfected  to  the  extent  of  beneficial  use  simply  by  diverting  the 
water  and  making  beneficial  use  of  it. 

The  Water  Commission  Act,  on  the  other  hand,  established 
an  exclusive  procedure  for  the  appropriation  of  water.   This  enact- 
ment requires  that  a  permit  be  obtained  from  the  State  of  California 
before  water  can  be  appropriated.   The  procedure  outlined  by  the 
Water  Commission  Act,  as  now  codified  in  Division  2  of  the  Water 
Code,  requires  that  an  application  to  appropriate  water  be  submitted 
to  the  State  Water  Rights  Board.   Upon  approval  of  the  application, 
a  permit  is  issued  so  that  the  applicant  can  construct  the  features 
necessary  to  put  the  water  to  beneficial  use.   When  the  project  has 
been  completed,  an  inspection  is  made;  and  a  license  is  issued,  to 
the  extent  of  beneficial  use,  provided  the  terms  and  conditions  of 
the  permit  have  been  fulfilled. 

In  general,  water  may  not  be  appropriated  for  a  distant 
future  use.   Once  an  appropriative  water  right  has  been  initiated, 
it  must  be  diligently  prosecuted  to  completion  in  order  to  maintain 
its  date  of  priority.   An  exception  is  allowed  in  the  case  of  an 
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appropriation  for  a  municipality  as  will  be  discussed  later  in  the 
chapter. 

The  right  to  appropriate  once  gained  may  be  lost  by 
abandonment,  and,  unless  excepted  by  statute  as  in  the  case  referred 
to  above ,  by  continuous  nonuse .  In  the  case  of  an  appropriation 
initiated  prior  to  191^ j  the  period  of  continuous  nonuse  is  five 
years,  vdiile  under  the  Water  Commission  Act,  or  the  Water  Code 
(Water  Code  Section  12^4-1),  the  period  of  continuous  nonuse  is  only 
three  years . 

Ground  Water  Rights 

The  permit  and  license  procedure  established  by  the  Water 
Commission  Act  applies  only  to  streams  and  other  bodies  of  surface 
water  and  to  subterranean  streams  flowing  through  known  and  definite 
channels.   Percolating  ground  water  is  therefore  excluded  and  rights 
to  its  use  are  governed  by  judicial  decisions  rather  than  by  statute. 
Ground  waters  are  presumed  to  be  percolating  in  the  absence  of 
evidence  to  the  contrary. 

The  owner  of  land  overlying  a  ground  water  basin  or  stratum 
has,  like  the  riparian  owner,  a  paramount  right  to  the  reasonable 
beneficial  use  of  the  natural  supply  upon  his  overlying  land,  which 
right  he  holds  in  common  with  all  other  landowners  similarly  situated. 
Only  surplus  water  in  excess  of  reasonable  requirements  for  beneficial 
use  upon  overlying  lands  is  subject  to  appropriation  for  beneficial 
use  upon  other  lands . 

Where  ground  water  and  surface  water  are  interconnected, 
one  acting  as  a  tributary  to  the  other,  both  are  treated  as  part  of 
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a  common  supply,  and  users  of  water  from  either  source  are  entitled 
to  protection  from  substantial  injury  as  a  result  of  use  by  others 
of  water  from  the  other  source.   Thus,  an  owner  of  land  riparian  to 
a  stream  may  have  his  right  to  the  use  of  water  protected  against 
impairment  by  an  appropriator  of  percolating  ground  water  which  is 
tributary  to  the  stream  and  required  for  the  maintenance  and  support 
of  its  flow.   Likewise,  where  water  from  a  stream  percolates  to  a 
ground  water  basin  or  stratum,  the  owner  of  land  overlying  such 
ground  water  may  be  protected  from  an  appropriation  of  water  of  the 
stream,  if  such  use  causes  a  substantial  impairment  of  the  ground 
water  supply. 

State  Assistance 

Under  certain  provisions  of  the  Water  Code,  actions  in- 
volving determinations  of  rights  to  the  use  of  water  brought  in 
either  state  or  federal  courts  may,  at  the  court's  discretion,  be 
referred  to  the  State  V/ater  Rights  Board.   Water  Code  Section  2000 
provides  that  the  court  may  appoint  the  board  to  referee  "any  or 
all  issues  involved  in  the  suit,'^  or  under  Section  2001  the  court 
may  limit  the  reference  to  " investigation  of  and  report  upon  any 
or  all  of  the  physical  facts  involved/'  This  reference  procedure 
may  be  followed  in  suits  involving  either  or  both  surface  and  ground 
waters . 

A  simplified  procedure  is  available  for  preliminary  determi- 
nation of  rights  to  the  use  of  water  of  streams,  lakes,  and  other 
bodies  of  water,  but  the  method  excludes  the  determination  of  rights 
to  take  water  from  an  underground  supply  other  than  from  a  subter- 
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ranean  stream  flowing  through  known  and  definite  channels.   Water 
Code  Sections  2500  to  2900  inclusive,  authorize  the  initiation  of 
such  a  proceeding  before  the  board.  Tne  board  then  makes  an 
engineering  investigation  and  report,  holds  hearings,  and  prepares 
an  order  of  determination  which  is  submitted  to  the  court.  After 
hearings,  the  court  makes  a  final  determination  of  the  water  rights. 

Court  actions  which  involve  a  determination  of  relative 
rights  to  the  use  of  water  of  a  stream  or  stream  system  or  ground 
water  basin  afford  a  basis  for  distribution  of  water  after  decree 
under  watermaster  service.   Water  users  may  secure  the  services 
of  the  Department  of  Water  Resources  under  Water  Code  Sections  i^-OOO 
to  hhOJ   inclusive,  in  making  distribution  of  the  water  to  them 
according  to  their  respective  rights,  as  determined  by  the  court. 

State  Applications 

The  State,  as  well  as  an  individual,  may  file  an  appli- 
cation to  appropriate  water.   It  does  so  under  Section  IO5OO  of 
the  Water  Code.   This  section  authorizes  the  Department  of  Water 
Resources  to  file  applications  for  any  unappropriated  water  which 
in  the  judgment  of  the  department  may  be  required  for  the  develop- 
ment or  completion  of  a  general  or  coordinated  plan  for  the  use, 
conservation,  or  development  of  such  waters  in  the  State.  The 
effect  of  the  filing  of  the  applications  is  to  hold  such  water 
in  public  trust  for  future  use. 

County  of  Origin  Law.   The  County  of  Origin  Law — Section 
10505  of  the  Water  Code- -forbids  either  release  from  priority  or 
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assienment  of  state  applications  to  appropriate  water  when,  in 

the  JudGment  of  the  California  Water  Commission,  either  act  would 

deprive  a  county  of  any  vrater  originating  in  that  county  wiiich  is 

necessary  to  that  county's  development.   The  protection  provided  by 

this  law  has  three  principal  limitations: 

o  It  applies  only  to  water  originating  within 
a  county. 

°  It  applies  only  to  water  covered  by  state 
applications  to  appropriate  water. 

It  requires  the  Legislature  periodically  to 
relieve  the  State  from  requirements  of 
diligence  vdiich  would  invalidate  such  appli- 
cations unless  they  were  diligently  pursued 
through  the  stages  of  permit  and  license. 

Water  Rights  Pertaining  to 

Existing  Ifcter  Developments  in  the 

Tuolumne  River  Basin 

Many  applications  to  appropriate  waters  of  the  Tuolumne 
River  Basin  have  been  filed  since  the  effective  date  of  the  Water 
Commission  Act.   Water  rights  claims  initiated  prior  to  the  Water 
Commission  Act  have  not  been  comprehensively  authenticated  by  court 
decree  and  are  generally  supported  only  by  the  claims  of  the 
appropriators. 

The  major  users  of  the  waters  of  the  Tuolumne  River  Basin 

are: 

City  and  County  of  San  Francisco 
°  Turlock  Irrigation  District 
°  Modesto  Irrigation  District 
°  Waterford  Irrigation  District 

The  Pacific  Gas  and  Electric  Company  operates  the  Phoenix 

System  which  imports  water  from  the  South  Fork  Stanislaus  River  to 
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Sullivian  Creek,  a  tributary  of  Tuolumne  River.  Applications  by 
individuals  and  local  agencies  to  appropriate  relatively  small 
amounts  of  water  from  Tuolumne  River,  and  existing  rights  to  water 
from  the  Tuolumne  River  below  La  Grange  Dam,  are  not  discussed  in 
this  bulletin. 

The  City  and  County  of  San  Francisco 

The  City  and  County  of  San  Francisco  claim  the  right  to 
divert  up  to  i<-50,000  acre-feet  annually  from  the  Tuolumne  River 
System.  Vfeter  rights  are  claimed  in  connection  with  the  three 
principal  reservoirs  of  their  Hatch  Hetchy  System.  These  reservoirs 
are: 

°  Lake  Eleanor  (Capacity  27,100  acre-feet) 

on  Eleanor  Creek 
°   Lake  Lloyd  (Capacity  268,000  acre-feet) 

on  Cherry  Creek 
°  Hetch  Hetchy  (Capacity  360,000  acre-feet) 

on  Tuolumne  River 

Diversions  from  Lake  Eleanor  and  Lake  Lloyd  Reservoirs  pass 
through  Cherry  Tunnel  to  the  Cherry  Powerhouse  (installed  capacity: 
135,000  kilowatts),  discharge  into  Cherry  Creek  below  its  confluence 
with  Eleanor  Creek,  and  continue  down  Cherry  Creek  to  the  Tuolumne 
River.  The  City  and  County  of  San  Francisco  operate  Lake  Eleanor 
and  Lake  Lloyd  Resei^oirs,  not  only  to  produce  power  but  also  to 
control  floods  and  to  supply  water  to  the  Turlock,  Modesto,  and 
Waterford  Irrigation  Districts.  These  downstreeim  irrigation  districts 
possess  prior  appropriative  rights  to  Tuolumne  River  water.   If  not 
met  by  natural  streamflow  plus  releases  from  Lake  Elesuior  and  Lake 
Lloyd  Reservoirs,  these  appropriative  rights  would  have  to  be  met  by 
releases  into  the  Tuolumne  River  from  Hetch  Hetchy  Reservoir.  Waters 
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which  are  to  be  diverted  from  the  Tuolumne  River  Basin  to  the 
San  Francisco  area  are  released  from  Hetch  Hetchy  Reservoir  and 
flow  in  the  Tuolumne  River  to  Early  Intake  (a  low  diversion  structure 
on  the  Tuolumne  River  1.5  miles  above  its  confluence  with  Cherry 
Creek)  \Aere  the  water  is  diverted  into  the  Hetch  Hetchy  Aqueduct. 
This  aqueduct  conveys  waters  of  the  Tuolumne  River  through  more 
than  ISO  miles  of  tunnel  and  pipeline  to  San  Francisco  and  the  south 
bay  area . 

Water  rights  of  the  City  and  County  of  San  Francisco  in 
the  Tuolumne  River  Basin  have  not  been  completely  clarified  by  court 
decree.   The  City  and  County  of  San  Francisco  made  a  public  statement 
in  March  1955-  Appearing  before  a  subcommittee  on  irrigation  and 
reclamation  of  the  committee  on  Interior  and  Insular  Affairs,.  House 
of  Representatives ;,  Mr.  R  B.  Hansen,  senior  engineer  in  charge  of 
water  rights,  rights-of-way,  and  lands  of  the  Hetch  Hetchy  System, 
presented  the  statement  which  is  contained  in  a  document  entitled 
''Hearings  before  the  Subcommittee  on  Irrigation  and  Reclamation  of 
the  Committee  on  Interior  and  Insular  Affairs,  House  of  Representa- 
tives, Eighty-fourth  Congress,  First  Session,  on  H.  R.  2388,  to 
Authorize  the  Construction,  Operation,  and  Maintenance  of  a  Hydro- 
electric Project  on  the  Tuolumne  River,  California,"  pages  128-129, 
as  the  Early  Intake  Power  Project  No.  2.   A  portion  of  the  statement 
reads  as  follows: 

"The  water  appropriations  of  the  City  and  County  of 
San  Francisco  antedate  all  valid  appropriations  on 
the  Tuolumne  River  and  its  tributaries,  except  the 
2,350  second-feet  for  ^ich  the  Modesto  and  Turlock 
Irrigation  Districts  had  diverting  capacity  at  the 
time  the  city's  appropriations  were  made  and  one 
additional  appropriation  of  66  second-feet  made  by 
the  La  Grange  Ditch  Company  on  October  I9,  18T2. 
This  right  was  subsequently  sold  to  the  Waterford 
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Irrigation  District.  .  .  .  This  water  right 
for  66  second-feet  may  be  considered  as  having 
priority  over  all  other  water  rights  on  the 
Tuolumne  River,  since  it  is  the  first  water 
right  filed  on  said  river. 

■'.  .  .  the  Raker  Act,  .  .  which  also  recog- 
nized the  right  of  the  districts  to  take  U,000 
second- feet  of  water  from  the  Tuoli-imne  River 
during  the  60  days  immediately  following  and 
including  April  15  of  each  year,  provided  the 
districts  were  capable  of  beneficially  using 
and  storing  said  water. 

'The  Hetch  Hetchy  water  supply  project  is 
based  on  the  right,  with  the  aid  of  adequate 
storage,  to  ultimately  divert  to  the  San  Francisco 
Bay  area  400  million  gallons  of  water  daily  from 
the  Tuolumne  River,  Eleanor  Creek,  and  Cherry 
River,  the  latter  two  sources  being  tributaries 
of  the  former.  .  .  .  The  right  of  the  city  to 
divert  water  from  the  Tuolumne  River  ...  is 
based  on  .  .  .  three  appropriations  .... 
These  appropriations  total  6o,000  miners  inches, 
which  is  equivalent  to  1,200  cubic-feet  of  water 
per  second. " 

Recent  water  exports  through  the  Hetch  Hetchy  System 
averaged  about  16t,000  acre-feet  annually,  with  a  maximum  of  17^,000 
acre-feet. 

Water  Code  Sections  IO6.5  and  1203  declare  the  policy  of 
the  State  with  reference  to  the  interim  use  of  water  which  a  munici- 
pality may  have  a  right  to  appropriate  but  for  which  the  municipality 
has  no  present  reasonable  need.  These  sections  read  as  follows: 


"106.5.  It  is  hereby  declared  to  be  the  estab- 
lished policy  of  this  State  that  the  right  of  a  municipality 
to  acquire  and  hold  rights  to  the  use  of  water  should  be 
protected  to  the  fullest  extent  necessary  for  existing  and 
future  uses,  but  that  no  municipality  shall  acquire  or  hold 
any  right  to  waste  vrater,  or  to  use  water  for  other  than 
municipal  purposes,  or  to  prevent  the  appropriation  and 
application  of  water  in  excess  of  its  reasonable  and  exist- 
ing needs  to  useful  purposes  by  others  subject  to  the 
rights  of  the  municipality  to  apply  such  water  to  raunicip6LL 
uses  as  and  when  necessity  therefor  exists. 
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■'(Added  by  Stats.  19^5,.  ch.  13^4+) 
Note--Stats.  19^5,  ch.  134U,  also  contained  the 
following: 

"Sec.  3-   Tiie  purpose  of  this  act  is  to  effectuate 
the  policy  declared  in  Section  2  of  this  act  and  this 
act  shall  be  liberally  constinied  by  the  judicial  and 
executive  branches  of  the  State  Government  to  carry  out 
its  purpose. 

"1203.   Any  water  the  right  to  the  use  of  which 
is  held  by  any  municipality  which  is  in  excess  of  the 
existing  municipal  needs  therefor  may  be  appropriated 
by  any  person  entitled  to  the  possession  of  land  upon 
which  such  excess  water  may  be  put  to  beneficial  use 
but  the  right  of  such  person  to  use  such  water  shall 
continue  only  for  such  period  as  the  water  is  not  needed 
by  the  municipality.   This  section  supplements  but  does 
not  otherwise  affect  Sections  1U60  to  lit-6ij-,  inclusive. 

"(Added  by  Stats.  19^5;  ch.  13^+^+.   See  note  to 
Section  IO6.5. )" 

The  City  of  San  Francisco  is  presently  using  less  water 

than  it  claims  rights  to.   It  would  seem,  therefore,  that  there  is 

water  which  can  be  used  in  the  Tuolumne  River  Basin  until  such  time 

as  the  City  and  County  of  San  Francisco  have  use  for  the  full  amount 

of  their  claimed  water  rights. 

Turlock,  Modesto,  and  Waterford  Irrigation  Districts 

The  Turlock  and  Modesto  Irrigation  Districts  completed 
construction  of  Don  Pedro  Reservoir  in  1923-   This  reservoir,  on  the 
Tuolumne  River  near  La  Grange,  has  a  storage  capacity  of  289,000 
acre-feet.*  Water  released  from  the  reservoir  through  Don  Pedro 
Powerplant  flows  down  the  Tuolumne  River  into  La  Grange  Reservoir. 
Releases  are  made  from  La  Grange  Reservoir  to  canals  supplying  the 
Turlock,  Modesto,  and  Waterford**  Irrigation  Districts. 


*  The  Turlock  and  Modesto  Irrigation  Districts  and  the  City  and  County 
of  San  Francisco  are  presently  planning  an  enlargement  of  this  reservoir 
to  2,030,000  acre-feet. 

**  Waterford  Irrigation  District's  entitlements  are  diverted  at  La  Grange 
Dam  by  Modesto  Irrigation  District  and  transported  via  their  main  canal 
to  Waterford  Irrigation  District's  main  canal  near  Roberts  Ferry. 


Diversions  of  the  Turlock,  Modesto,  and  Waterford 
Irrigation  Districts  from  the  Tuolumne  Mver  for  the  period  191^ 
through  1958,  as  reported  to  the  State  Water  Rights  Board,  ranged 
from  a  minimum  of  730,000  acre-feet  in  19^+7  to  a  maximum  of  950,000 
acre-feet  in  I956  and  averaged  875,000  acre-feet  annually.   Published 
records  of  the  United  States  Geological  Survey  show  diversions  to 
the  districts  for  the  same  period  as  averaging  about  6  percent 
higher  than  the  quantities  reported  by  the  districts.  The  higher 
values  probably  result  from  the  inclusion  of  minor  v/inter  diversions 
that  subsequently  return  to  the  Tuolumne  River. 

Table  I8,  entitled  "Summary  of  Major  Water  Right  Applications 
Filed  with  the  State  Water  Rights  Board  by  Turlock  and  Modesto  Irriga- 
tion Districts  for  Existing  Projects,"  lists  the  water  rights  in  the 
Tuolumne  River  Basin  which  apply  to  the  operation  of  existing  projects 
of  the  Turlock  and  Modesto  Irrigation  Districts  and  which  have  been 
acquired  since  December  I9,  19l'+>  the  effective  date  of  the  Water 
Commission  Act.  The  claimed  water  rights  of  Turlock,  Modesto  and 
Waterford  Irrigation  Districts  established  prior  to  December  191^  are 
shown  in  Appendix  D. 

Major  Water  Rights  Applications 
for  Projects  Not  Yet  in  Operation 

Applications  to  appropriate  water  have  been  filed  by  several 

agencies  interested  in  further  developing  the  Tuolumne  River.  These 

agencies  are: 

°  State  of  California 

°  Tuolumne  County 

°  Tuolumne  County  Water  District  No.  2 

°  Turlock  and  Modesto  Irrigation  Districts 


75 


123? 
1233 

153? 

3139* 

36ii8 

6711 

9996 
9997 

13563 
136oi+ 

13563 
I360U 


TABIE   18 

RUMMARY  01''  MAJOR  WATER  RIGliT  APPLICATIONS  FILED 
WITH  Tiffi  STATE  WATER  RIGHTS  BOARD 
BY  TURLOCK  AM)  MODESTO  IRRIGATION  DISTl^ICTS  FOR  EXISTING  PROJECTS 


Appli- 

: Applicant  : 

:  Diversion 

:  Stora[5e 

cation 

:    and     : 

Source  and  facility 

:   second 

:acre-feet 

:   Major 

number 

:   GtatuG   • 

:   feet 

: annually 

:   use 

License 
5^20 

License 
5^17 

License 
5^421 

License 
2580 

License 

2I12U 

License 
2tj25 

License 
5iH8 

License 
5U19 


PeiTTiit 
93IT 

Permit 
9318 


Permit 
9317 

Permit 
9318 


Tuolumne  River 

Don  Pedro  Reservoir 

Don  Pedi^o  Kesei'voir 

Don  Pedro  Dam 

La.  Grange  Dam 

La  Grange  Dam 

La  Grange  Dain 

Don  Pedro  Dam 
La  Grajige  Dam 

La  Grange  Dam 

Cherry  Ci'eek 

Lake  Lloyd  Reservoir** 

Lake  Lloyd  Reservoir^* 

Eleanor  Creek 

Lake  Lloyd  Reservoir** 

Lake  Lloyd  Reservoir** 


2,558 


603 


100 


800 


1,200 


1,200 


210 


325,000 
325,000 


Power 
Irrigation 

Power 

Power 

Irrigation 

Irrigation 

Pover 
Irrigation 


290  153,000     Irrigation 


290     153,000     Pover 


111,000     Irrigation 


210     111,000     Power 


*Filed  by  Turlock  Irrigation  District  only. 
**Lake  Lloyd  Reservoir  is  named  Cherry  Valley  Reservoir  in  applications 
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The  Turlock  and  Modesto  Irrigation  Districts  have  filed 
applications  to  appropriate  water  necessary  for  the  operation  of  the 
proposed  enlarged  Don  Pedro  Reservoir.  Tuolumne  County  Water  District 
No.  2  filed  applications  to  appropriate  water  required  to  develop 
the  Tuolunme  Project  described  in  Bulletin  No.  95 j  entitled  "Tuolumne 
County  Water  District  No.  2  Investigation."  Tuolumne  County  has 
filed  applications  to  appropriate  the  water  required  to  develop  the 
Middle  Fork.  Tuolumne  River  and  South  Fork  Tuolumne  River.  The  State 
of  California  filed  application  No.  56^9  which  includes  water  rights 
on  Sullivan  Creek  necessary  for  operation  of  the  Tuolumne  Project 
described  in  Bulletin  No.  95 •  Subsequent  to  these  filings  the  County 
of  Tuolumne  and  Tuolumne  County  V/ater  District  No.  2  entered  into  an 
agreement  with  the  City  and  County  of  San  Francisco  and  the  Turlock, 
Modesto,  and  V7aterford  Irrigation  Districts,  whereby  certain  appli- 
cations to  appropriate  water  would  be  withdrawn.  This  agreement 
is  included  in  this  report  as  Appendix  C. 

Table  19,  entitled  "Summary  of  Major  Water  Rights  Applications 
Filed  with  the  State  Water  Rights  Board  For  Projects  Not  Yet  in  Operation 
in  Tuolumne  River  Basin,"  summarizes  the  applications  filed  by  the  above 
interested  agencies. 

Effect  of  VJater  Rights  on  Projects 
Described  in  this  Bulletin 

Water  rights  held  by  Turlock,  Modesto,  and  Waterford  Irriga- 
tion Districts,  together  with  the  claims  to  water  rights  by  the  City  and 
County  of  San  Francisco,  are  equal  to  the  50-year  mean  ajinual  natural 
runoff  of  Tuolumne  River  at  La  Grange.  Thus,  any  project  on  the  upper 
Tuolumne  River  which  results  in  consumptive  use  of  water  woiold  deplete 
the  total  water  supply  of  the  river,  and  would  affect  existing  water 
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I^ABLE  19 

3UI-mAJ\Y  OF  MAJOR  WATKl^  RIGHTS  APPLICATIONS 
FILED  WITH  THE  STATE  WATER  RIGIfPS  BOARD 
FOR  PROJECTS  NOT  YET  IN  OPETIATION  IN  TUOUMJE  RIVER  BASIN 


Appli- 

Applicant, : 

•.Diversion 

:  Storage 

cation 

and     : 

Source  and  facility 

:  second- 

:acre-feet 

:   Major 

number 

ctatun   : 

:   feet 

: annually 

use 

)6ii9 


STATE  OF  CALIFOIiNIA  (Unassi.^ned  applications) 

Sullivan  Creek 
Incomplete     Enlar^ied  Phoenix 


50 


13,000 


Irrigation  * 


TUOLUMNE  COUNTY 

North  Fork  Tuol-gmne  River 
12871     Pendinr;       Pumping  Station  below 

Browns  Meadow  Reservoir 


Municipal 


Middle  Fork  Tuolumne  River 

13011 

Pending 

SW-1/4  Section  12,  TIS, 
RI93E,  I€)B£oM 

South  Forli  Tuolumne  River 

200 

Pov/er 

12871 

Pending 

Harden  Reservoir 

1 

1,000 

Municipal 

13011 

Pending 

Harden  Reservoir 

24,000 

Power 

13011 

Pending 

Crocker  Reservoir 

]^00 

53,000 

Power 

13012 

Pending 

Harden  Reservoir 

125 

24,000 

Irrigation 

13012 

Pending 

Crocker  Reservoir 

53,000 

Irrigation 

TUOLUMNE  COUNTT  WATER  DISTRICT  NO.  2 

Lily  Creek 

19^^23 

Pending 

Pine  Valley  Reservoir 

200 

3,800 

Irrigation 

19)424 

Pending 

Pine  Valley  Reservoir 
Bell  Creek 

200 

3,800 

Power 

19423 

Pending 

Bell  Meadows  Reservoir 

200 

12,300 

Industrial 

19424 

Pending 

Bell  Meadows  Reservoir 
North  Fork  Tuolumne  River 

200 

12,300 

Power 

12493 

Pending 

Browns  Meadow  Resei-voir 

9,250 

Irrigation 

12493 

Pending 

Lewis  Reservoir 

3,500 

Irrigation 

12497 

Pending 

Browns  Meadow  Reservoir 

25 

9,250 

Power 

12498 

Pending 

1/ 

BroT-ms  Meadow  Reservoir 

3 

6,000 

Municipal 

12498 

Pending 

1/ 

Lewis  Reservoir 

2,000 

Municipal 

19423 

Pending 

Browns  Meadow,  Lyons, 

and  Phoenix  Reservoirs 

200 

13, boo 

Industrial 

19424 

Pending 

Brooms  Meadow,  Lyons, 

94,6002/ 

and  Phoenix  Reservoirs 

200 

Power 

1/  Being  amended  by  agreement. 


_2/  Includes  off  stream  storage  of  9,600  acre-feet  in  Phoenix  Resf^rvoir  and 
Gl;000  acre-feet  in  Browns  Meadow  Reservoir. 
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TABLE  19  (continued) 

SUMMARY  OF  I^IAJOR  WATER  RIGHTS  APPLICATIONS 
FILED  WITH  THE  STATE  WATER  RIGHTS  BOARD 
FOR  PROJECTS  NOT  YET  IN  OPERATION  IN  TUOLUMtTE  RIVER  BASIN 


Appli- 

: ApplicEint  : 

:  Diversion 

:  Storage 

cation 

:    and     : 

Source  and  facility 

:   second- 

:  acre-feet 

:  Major 

number 

:   status   : 

'        feet 

: annually 

:   use 

TUOLUMNE  COUNTY  WATER  DISTRICT  NO.  2  (continued) 
Sullivan  Creek 


1+0 


12257 

Pending 

1/ 

Phoenix  Reservoir 

12257 

Pending 

1/ 

Sullivan  Creek  Reservoir 

12856 

Pending 

2/ 

Belview  Reservoir 

13875 

Pending 

£/ 

Stent  Resei^oir 
Curtis  Creek 

12856 

Pending 

2/ 

Standard  and  Dunning 
Reservoirs 

Sixbit  Gulch 

12856 

Pending 

2/ 

Sixbit  Gulch  Reservoir 
Woods  Creek 

12856 

Pending 

i/ 

NE-l/lt,  SE-1/4,  Section  16, 
TIN,  Rll+E 

13827 

Pending 

i/ 

SW-1/4,  SW-I/I+,  Section  1, 
TIN,  Rli+E 

15968 

Permit 

m-l/h,   NE-l/lj-,  Section  11, 

12578 

TIN,  RlUE 

TURLOCK 

AND 

MODESTO  IRRIGATION  DISTRICTS 

Tuolumne  River 

11+126 

Permit 
9319 

New  Don  Pedro  Reservoir 

IU127 

Permit 
9320 

New  Don  Pedro  Reservoir 

20 
20 

20 
25 

1 


10,750 
1,000 

1,^50 

i+1,700 


13,000 


16,000 


1,568,300 
1,568,300 


Irrigation 
Irrigation 
Irrigation 
Irrigation 


Irrigation 
Irrigation 

Irrigation 
Irrigation 


Irrigation 


Power 
Irrigation 


1/     Being  amended  by  agreement. 

2/  Withdrawn  subsequent  to  filing,  by  agreement. 
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rights  on  the  river.   Inasmuch  as  the  water  rights  of  the  irri,";ation 
districts  are  prior  in  time  to  those  of  the  City  and  County  of  San 
Francisco,  any  such  project  would  have  an  effect  upon  the  latter. 
For  example,  if  a  project  should  deplete  the  water  supply  at  Don  Pedro 
Reservoir,  the  Turlock  and  Modesto  Irrigation  Districts  could  require 
the  City  and  County  of  San  Fiajicisco  to  release  water  from  their  Hetch 
Hetchy  Project  to  replace  the  depletion.  Thus,  although  the  project 
might  not  divert  any  water  tributary  to  the  Hetch  Hetchy  System,  it 
would  still  have  an  adverse  effect  on  the  Hetch  Hetchy  System. 

To  enable  the  full  economic  development  of  the  Upper  Tuolumne 
River  vra.tershed,  Tuolumne  County  Water  District  No.  2  and  the  County 
of  Tuolumne  (referred  to  as  "Tuolumne  County  Interests")  have  negotiated 
an  agreement  with  Turlock  Irrigation  District,  Modesto  Irrigation 
District,  Waterford  Irrigation  District,  and  the  City  and  County  of  San 
Francisco  (referred  to  as  "Downstream  Interests").  As  previously 
stated  a  copj'  of  the  agreement  is  included  as  Appendix  C.  Under  the  terms 
of  this  agreement,  the  Do'.-mstream  Interests  will  not  protect  certain 
applications  to  appropriate  water  for  domestic  and  municipal  uses,  and 
such  nonconsumptive  uses  as  recreation,  fish  and  wildlife  enhancement 
within  the  boundaries  of  TuolTumie  County,  provided  the  Tuoliomne  County 
Interests  vrill  ■vrithdraw  certain  applications  to  appropriate  water  and  will 
operate  projects  developed  under  the  unprotested  applications  to  appro- 
priate water  according  to  the  criteria  set  forth  in  the  agreement. 
Execution  of  this  agreement  should  facilitate  further  stud^^  and  possible 
construction  of  projects  such  as,  or  similar  to,  those  outlined  in  this 
bulletin  and  those  in  Bulletin  No.  95 j  entitled  "Tuolumne  County  Water 
District  No.  2  Investigation." 
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CHAPTKR  V.   PLANS  FOR  V^ATER  DEVhl-OPMENT 


Southern  Tiiolurnne  County  has  developable  hydro- 
electric power,  water  associated  recreation,  and  local 
water  supply  potentials.   There  is  a  need  in  the  State 
for  more  pov/er  and  for  additional  availability  of  out- 
door recreation.   Preceding  chapters  show  that  local 
water  supplies  are  needed.   It  is  the  policy  of  the 
Department  of  Vfeter  Resources  to  further  the  optimu.m 
utilization  of  the  water  resources  of  this  State. 

Many  projects  to  develop  the  several  water 
associated  resources  and  to  supply  water  were 
studied  on  a  reconnaissance  basis.   Four  basic 
tj'-pes  of  projects  were  considered:   (l)  enlargement 
of  ground  water  use,   (2)  diversion  from  the  Hetch 
Hetchy  Aqueduct.   (3)  construction  of  small  reservoirs 
on  streanis  in  the  Groveland  area,  and  (k)   construction 
of  major  conservation  works  on  the  Middle  and  South 
Forks  of  the  Tuolumne  River.   The  reconnaissance  studies 
indicate  that  the  major  conservation  works  would  most 
economically  develop  the  resources  of  the  area.   Sub- 
sequently, the  two  most  likely  major  conservation 
projects  were  selected  for  further  study.   These  two 
projects  were  named  "The  Harden  Project"  and  "The 
Groveland  Project." 

This  chapter  contains  (l)  a  discussion  of  the 
principles  used  in  formulating  and  evaluating  the 
projects,   (2)  a  discussion  of  the  possible  alter- 
native solutions  to  the  water  supply  problems  of 
Southern  Tuolumne  County,   (3)  a  detailed  description 
of  the  features  and  accomplishments  of  the  Harden 
Project,  and  (h)   a  comparison  of  the  features  and 
accomplishments  of  the  Groveland  Project  with  those  of 
the  Harden  Project. 


Planning  Considerations 
Formulation  and  evaluation  of  the  projects  considered  for 
the  development  of  waters  in  the  Tuolumne  River  Basin  required  studies 
of  resem'oir  operation,  geology,  designs,  cost  estimates,  benefits, 
and  economic  justification.   Deterirdnation  of  financial  feasibility  of 
the  project  which  may  be  proposed  would  require  further  detailed 
studies  and  design  (see  page  A-7  in  Appendix  A,  "Agreement''). 
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Operation  Studies 

Reservoir  operation  studies  to  determine  the  water 
yield  that  would  be  available  for  both  nonconsumptive  and  con- 
sumptive uses  were  made  for  the  35-year  base  period  (October  1, 
1920,  through  September  30,  1955). 

The  principal  assumptions  used  in  conducting  the  studies 

are  as  follows: 

°  The  controlling  power  capacity  factor  would 
be  30  percent  in  the  year  2020.* 

Provision  would  be  made  for  minimum  reservoir 
pools  that  would  protect  fish  life. 

°  Streamflow  releases  would  be  sufficient  to 
maintain  a  fisheiy  and^  where  possible,  would 
enhance  the  existing  conditions. 

°  Water  would  be  made  available  to  satisfy 

consumptive  needs  of  the  Groveland  Unit  v±iere 
economically  justified. 

°  Since  flood  damages  in  the  area  in  the  past 
have  been  relatively  light,  the  proposed  pro- 
jects would  provide  flood  control  only  from 
incidental  operation  of  the  reservoirs. 

Geologic  Studies 

Based  on  geologic  problems  encountered  and  size  of  proposed 
structures,  the  program  of  geologic  exploration  for  this  investigation 
varied  from  reconnaissance  studies  of  surficial  geologic  features 
at  some  sites  to  subsurface  exploration  at  other  sites.  This  program 
included: 


*  A  30  percent  capacity  factor  assumes  a  water  supply  sufficient 

to  operate  the  powerplant  at  rated  generating  capacity  for  30  percent 

of  the  year,  on  a  power  demand  schedule. 
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°  Surface  geologic  mapping  of  dam  and 
reservoir  sites  and  conduit  routes. 

°  Preliminary  foundation  drilling  of  the 
Groveland  damsite. 

°  Collection  of  soil  samples  to  determine 
the  suitability  of  proposed  borrow  pits 
as  sources  of  construction  materials. 

°  Determination  of  the  amount  of  material 
available  for  construction. 

The  files  of  the  Department  of  Water  Resources  contain 

results  of  these  studies. 


Designs  and  Cost  Estimates 

Engineering  designs  and  estimates  of  cost  were  made  for 
several  sizes  and  types  of  dams  for  each  of  the  sites  considered. 
Project  features  were  designed  in  accordance  with  standard  engineering 
principles  to  obtain  the  most  economical  combination  of  dam,  spillway, 
and  outlet  works  and  to  determine  the  optimum  project  considering 
benefits  to  be  realized. 

Although  the  project  features  discussed  are  believed  to 
represent  those  which  would  be  constructed  to  accomplish  the  purposes 
of  the  project,  further  exploration  of  the  sites  and  more  thorough 
analyses  might  develop  information  that  would  necessitate  changes  in 
design.  In  turn,  such  changes  might  bring  about  changes  in  costs  and/or 
sizes. 

Capital  costs  of  each  project,  based  on  prices  prevailing 
in  1961,  include  estimated  costs  of  construction,  land  acquisition,  and 
utility  relocation.  The  costs  also  allow  for  engineering,  administra- 
tion, construction  contingencies,  and  interest  during  construction. 
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Annual  costs  include  those  of  replacement,  operation, 
maintenance,  general  expense,  and  amortization  of  the  capital 
investment  during  a  50-year  repayment  period  with  an  interest 
rate  of  h   percent. 

Property  descriptions  and  information  on  land  ownership 
supplied  by  the  Tuolumne  County  Assessor  were  used  in  estimating 
the  value  of  lands,  utilities,  buildings,  and  other  structures 
at  the  sites  of  reservoirs  described  in  this  bulletin. 

Each  tract  of  land  was  appraised  by  a  market  analysis 
method  which  compared  the  land  with  similar  property  that  had 
been  involved  in  recent  sales.  The  county  recorder  sind  local 
real  estate  agencies  supplied  data  on  such  sales  and  on  the  costs 
of  properties  in  or  near  the  area  involved. 

The  value  of  buildings,  structures,  and  roads  was 
assumed  to  be  their  estimated  cost  of  replacement,  under  present 
conditions,  with  similar  buildings,  structures,  £ind  roads  of  com- 
parable utility.  The  roads  involved  are  unimproved  United  States 
Forest  Service  roads  and  improved  county  roads. 

The  market  value  of  lands  which  would  be  inundated  by 
reservoir  development  was  considered  equal  to  the  present  worth 
of  their  future  productivity. 

Benefit  Estimates 

Projections  of  population  growth,  land  and  water  use, 
and  recreation  use  were  made  as  initial  steps  in  estimating 
benefits  —  the  net  gains  directly  realized  from  the  projects. 
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Irrigation  Benefits.  Computations  were  made  of  the 
benefits  to  be  derived  from  the  inclusion  of  irrigation  as  a  project 
purpose  to  provide  water  to  previously  dry-farmed  or  intermittently 
irrigated  land. 

The  irrigation  benefit  (returns  to  land  and  water)  is 
computed  by  subtracting  from  the  gross  farm  income  all  farm  pro- 
duction costs  except  the  costs  of  land  and  v/ater.  The  project 
irrigation  benefit  then  is  defined  as  those  returns  to  land  and 
water  under  project  conditions  which  are  in  excess  of  the  returns 
to  land  and  water  under  nonproject  conditions. 

The  irrigation  benefits  to  the  unit  were  determined 
as  the  product  of  the  acreages  devoted  to  deciduous  orchard  and 
improved  pasture,  and  the  irrigation  benefit  per  acre  resulting 
from  each  crop.  These  estimated  irrigation  benefits  were  $56  per 
acre  for  deciduous  orchard  and  $35  per  acre  for  improved  pasture. 
The  weighted  average  unit  irrigation  benefit  in  the  Groveland  Unit 
over  the  years  of  project  repayment  would  be  about  $38  per  acre. 

Domestic  Benefits.  In  evaluating  benefits  that  would 
accrue  from  domestic  use  of  water,  the  concept  of  vendibility, 
limited  by  the  next  least  costly  alternative  soiirce,  was  used. 
In  1961,   Pacific  Gas  and  Electric  Company  provided  treated  water 
to  2,126  customers  in  the  communities  of  Sonora,  Jaraesto^^m,  and 
Tuolumne.  A  total  of  1,113  acre-feet  of  water  was  sold  for  $127,395 
at  an  average  of  $llU.Uo  per  acre-foot.  The  present  worth  of  the 
least  costly  alternative  of  supplying  the  total  domestic  water 


85 


requirements  of  the  Groveland-Big  Oak  Flat  area  by  pumping  from 
the  Hctch  Hetchy  Aqueduct  would  be  approximately  $700,000.  To 
repay  this  $700,000  a  charge  of  $o7.^0  per  acre-foot  would  be 
required.   It  is  estimated  that  the  demand  for  domestic  water  would 
increase  from  about  POO   acre -feet  in  1970  to  about  l800  acre- feet 
by  2020.   It  was  therefore  concluded  that  the  domestic  water  bene- 
fits were  those  of  the  least  costly  alternative  (i.e.,  $700,000). 

Recreation  Benefits.   Recreation  benefits  were  deter- 
mined as  the  mathematical  product  of  the  dollar  value  of  a  visitor- 
day*  or  angler-day  of  use  and  the  number  of  visitor-  or  angler-days 
attributable  to  the  project.  The  dollar  value  of  each  visitor-  or 
angler-day  in  areas  of  water-associated  recreation  made  possible 
by  projects  in  the  Southern  Tuolumne  area  was  estimated  to  be  $2.20. 

To  estimate  the  number  of  visitor-  or  angler-days  of 
use,  the  department  considered  the  effect  of  increasing  population, 
increasing  leisure  time,  increasing  mobility,  and  increasing 
disposable  income  on  present  and  future  dem.ands  for  recreation. 
Such  factors  as  present  use  of  the  area,  the  room  available  for 
additional  facilities,  and  the  increased  attractiveness  of  the 
airea  vrere  considered  with  the  recreation  demand  to  estimate  how 
much  of  this  demand  would  be  satisfied  in  the  project  sirea  during 
each  decade  of  the  50-year  project  repayment  period.  It  was 


*  A  visitor-day  is  the  unit  of  measurement  of  the  use  of  a  public 
recreation  area.  One  visitor-day  represents  use  by  one  visitor 
for  any  portion  of  a  day.  An  angler-day  is  a  similar  unit  of 
measurement  as  it  pertains  to  use  of  such  an  area  by  a  fisherman. 
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estimated  that  the  Harden  Project  would  cause  an  additional  aver- 
age of  524,000  visitor-days  of  recreational  activity  per  year 
over  the  50-year  repayment  period  and  thereby  create  benefits 
which  would  have  a  present  vrarth  of  approximately  $19,840,000. 

Power  Benefits.  The  cost  of  power  from  the  alternative 
source  most  likely  to  be  used  in  the  absence  of  the  project  normally 
provides  a  measure  of  the  power  benefits.  In  the  case  of  projects 
presented  in  this  report,  such  an  alternative  source  would  be 
a  privately  financed  steam-electric  plant.  Based  on  this  cost, 
the  following  estimated  values  of  hydroelectric  power  were  used 
in  this  bulletin:   dependable  capacity*  component,  $2^1.50  per 
dependable  Mlowatt  per  year;  and  energy  component,  3.1  mills  per 
kilowatt -hour.  Studies  of  future  power  requirements  in  Northern 
and  Central  California  resulting  from  predicted  population  growth 
and  increased  annual  per  capita  use  of  electricity  indicated  that 
there  would  be  a  ready  market  for  project  power. 

Economic  Justification  Studies 

The  comparison  of  the  present  worth  of  project  benefits 
and  the  present  worth  of  project  costs  commonly  is  expressed  in 
the  form  of  a  ratio  called  the  benefit-cost  ratio.  A  project  may 
be  considered  to  be  economically  justified  if  its  benefits  exceed 
its  costs  of  design,  construction,  operation,  maintenance,  and 
replacement  --  in  other  words,  if  its  benefit-cost  ratio  exceeds 


*  Dependable  capacity  is  the  ability  of  a  generating  plant  to 
maintain  a  particular  load  for  the  time  interval  and  period 
specified. 
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unity.   F-arthcr,  there  must  be  no  less  costly  alternative  means 
of  accomplishing  the  purposes  of  ohe  project. 

The  projects  presented  in  this  chapter  were  developed 
so  as  to  provide  maximum  excess  of  benefits  over  costs. 

VJater  Conservation  Possibilities 

The  several  possible  methods  of  developing  the  water 

resources  and  meeting  the  water  needs  in  Southern  Tuolumne  County 

considered  during  the  investigation  included: 

°  Increased  development  of  ground  water 

°  Diversion  from  Hetch  Hetchy  Aqueduct 

°  Direct  diversion  of  unregulated  streams 

°  Further  regxilation  of  surface  v/ater 

A  discussion  of  each  of  these  methods  follov/s. 

Increased  Development  of  Ground  Water 

As  was  explained  in  Chapter  II,  V/ater  Supply,  the  only 
water-bearing  rocks  having  any  possibility  of  development  for 
other  than  individual  or  small  group  use  are  the  tertiary  gravels 
located  neaj-  Burch  Meadows.   Insufficient  data  are  available  on 
the  volumne  of  storage  available  and  on  the  natural  recharge 
characteristics  of  this  ground  water  basin  to  enable  a  reasonable 
estimate  of  the  possible  yield.   Preliminai-7,'  comparisons  of  costs 
of  alternative  water  sources  indicate  that  a  cost  of  a  water 
supply  from  the  Harden  Project  as  proposed  in  this  bulletin  would 
be  less  than  the  $751,000  required  for  development  of  ground  water. 
Further,  the  ground  water  source  would  be  less  dependable  and  probably 
of  poorer  quality.  Therefore,  the  Harden  Project  was  considered 
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preferable  to  the  development  of  the  tertiary  gravel  groiind  water 
basin.  Further  study  should  be  made  of  ground  water  if  a  single 
purpose  water  supply  project  were  to  be  found  desirable. 

Diversion  from  the  Hetch  Hetchy  Aqueduct 

Diversion  of  water  from  the  access  shaft  of  the  Hetch 
Hetchy  Aqueduct  in  Second  Garotte  Basin  was  considered  as  a  single 
purpose  domestic  water  supplj^  for  the  Groveland-Big  Oak  Plat  area. 
Reconnaissance  cost  estimates  indicate  that  it  would  cost  approxi- 
mately $700,000  to  provide  a  water  supply  equivalent  to  that  which 
would  be  supplied  by  the  Harden  Project.  The  separable  cost  of 
water  supply  in 'the  Harden  Project  is  approximately  $390,000  and 
the  allocated  costs  of  water  supply  is  $610,000.  It  would  seem 
that  obtaining  a  water  supply  from  the  Harden  Project  is  the  better 
method.  However,  the  use  of  the  Hetch  Hetchy  water  supply  as  a 
first  stage  or  interim  supply  might  prove  with  further  study  to  be 
economically  justified  and  financially  feasible. 

Direct  Diversion  of  Unregulated  Streams 

Direct  diversion  from  small  streams  within  Southern 
Tuolumne  County  is  severely  limited  as  a  method  of  obtaining 
additional  water  supplies  because  of  the  scanty  and  intermittent 
flow  of  these  streams  during  the  irrigation  season. 

Direct  diversion  from  major  streams  is  handicapped  by 
the  fact  that  these  streans  are  deeply  intrenched.  Such  diver- 
sion would  require  either  long  conduits  or  high  p'jmping  heads. 
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Furthermore,  the  entire  flow  of  these  streams  durins  months 
of  low  runoff  is  used  or  reserved  for  future  use  imder  present 
water  rirjits  or  claims  to  water  rights.  Although  residents  of 
Southern  Tuolumne  County  use  some  water  from  these  streams,  the 
greatest  use  is  by  residents  of  the  irri;-ation  districts  on  the 
valley  floor  of  the  San  Joaquin  Valley  and  by  residents  of  the  San 
Francisco  Bay  area  served  by  the  Hetch  Hetchy  System. 

In  consideration  of  the  foregoing,  direct  diversion 
from  streams  without  provision  for  water  storage  is  not  a  practi- 
cal v.'ay  to  develop  new  water  supplies. 

Further  Ref^lation  of  Surface  V/ater 

In  light  of  the  preceding  conclusions,  construction 
of  storage  reservoirs  vras  deemed  the  only  other  practical  way  to 
provide  substantial  quantities  of  new  water  for  use  within  Southern 
Tuolumne  County. 

The  use  of  small  streams  in  Southern  Tuolumne  County  as 
a  source  for  a  water  supply  would  result  in  a  series  of  small, 
widel^^  separated  reservoirs.  The  dispersal  of  these  reservoirs 
would  result  in  increased  distribution  and  operation  costs.  Also, 
these  reservoirs  vrould  be  sm.all  and  would  present  problems  associ- 
ated with  warm  and  possibly  algae-infested  water.   Small  intemiittent 
flows  associated  v/lth  lesser  streams  provide  low  fiimi  yields  for 
any  given  investment.  Minor  resei-voirs  might  provide  some  interim 
development. 

The  use  of  the  main  stem  of  Tuolumne  River  or  the  Clavey 
River  as  a  source  of  water  supply  would  require  expensive  facilities 
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to  lift  the  water  from  the  deeply  intrenched  rivers  to  the  areas 
of  use.  The  most  reasonable  soiurce  for  supplying  water  to  the 
Southern  Tuoramne  area  v/ould  be  the  South  Fori:  Tuolumne  River,  the 
Middle  Fork  Tuolumne  River,  and  Big  Creek.  An  inventory  of 
potential  reservoirs  on  these  streams  was  therefore  conducted. 

Bulletin  No.  3,  "The  California  Water  Plan,"  and  Bulletin 
No.  56,  "Survey  of  Mountainous  Areas,"  suggest  several  reservoir 
sites  in  connection  with  potential  projects  for  developing  the 
waters  of  the  Tuolumne  River.  All  such  projects  were  considered 
in  development  of  plans  during  this  investigation.  Ti:e  most 
favorable  sites  for  new  reservoirs  are  as  follows: 

°  Harden  Flat  Reservoir  on  South  Fork 

Tuolumne  River 
°  Bui'ch  Meadow  Reservoir  on  Big  Creek 
°  Groveland  (Big  Creek)  Reservoir  on 

Big  Creek 

Carl  Inn  Reservoir,  which  would  be  formed  by  a  dam  on 
the  South  Fork  Tuolumne  River  about  0.5  mile  west  of  the  boundary 
of  Yosemite  National  Park,  was  considered  as  a  possible  solution 
to  the  area's  water  problems.  This  reservoir  was  rejected,  however, 
because  the  available  reservoir  capacity  is  limited  by  topographic 
and  right-of-way  considerations. 

Harden  Project 
The  Harden  Project  would  consist  of  liie  following 


features; 


°  Mather  Diversion 
°  Mather  Ditch 
°  Harden  Flat  Reservoir 
°  Golden  Rock  Ditch 
°  Lost  Claim  Forebay 
°  Lost  Claim  Powerplant 
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°  Burch  Meadow  Conduit 
°  Bixrch  Meadov/  Reservoir 

Plate  o,    entitled  ''Plan  and  Profile  of  Harden  Project," 
shows  the  relationships  of  the  proposed  features.  Table  20, 
entitled  "Physical  Characteristics  of  Proposed  Features  of  the 
Harden  Project,"  cives  information  relating  to  these  features. 
Table  21,   entitled  "Water  Depths,  Areas,  and  Capacities  of  Proposed 
Reservoirs  of  the  Harden  Project,"  lists  areas  and  capacities  of 
the  potential  reservoirs  at  various  water  depths. 

Chapter  III  shov.'s  that  there  exists  a  need  for  additional 
water  i-n.thin  Southern  Tuolumne  County.  The  Harden  Project  on  the 
Middle  Fork  and  South  Fori:  of  the  Tuolumne  River  and  on  Big  Creek 
would  provide  additional  water  for  domestic  uses.  The  project 
would  supply  about  1,800  acre-feet  of  domestic  water  for  use  in 
the  service  area  of  the  Harden  Project.  This  amount  of  water  will 
meet  the  estimated  year  2020  requirements  for  domestic  water  in 
that  area.  The  project  also  would  produce  substantial  amounts  of 
hydroelectric  power  at  Lost  Claim  Powerhouse.  This  powerplant 
would  have  an,  installed  capacitj."*  of  22,000  kdlowatts  and  would 
produce  about  90,700,000  kdlowatt-hoiirs  of  energy  annually, 
including  off  peal:  energ;;/. 

In  addition  to  providing  water  for  domestic  purposes 
and  for  power  production,  the  waters  of  project  reservoirs  would 
provide  new  opportxinities  for  recreation  by  opening  areas  suitable 


*  Installed  capacity  is  the  sum  of  the  name  plate  rating  of  tiie 
generators  in  the  powerplant. 
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TABLE  21 

WATER  DEPTHS,  AREAS,  AND  CAPACITIES  OF 
PROPOSED  RESERVOIRS  OF  THE  HARDEN  PROJECT 


Water 

V/ater  surface 

V/ater 

Storage 

depth 

elevation, 

surface 

capacity, 

Reservoir 

at  dam. 

in  feet. 

area, 

in 

in  feet 

(uses  datum) 

in  acres 

acre-feet 

Mather  Diversion 


Harden  Flat  Reservoir 


0 
20 


h,6ko 
i+.660 


0 
10 


0 

50 


Minimum  pool 


Normal     lool 


Lost  Claim  Forebay 


Burch  Meadow  Reservoir 


Normal  pool 


0 

3,^35 

0 

0 

k9 

3.484 

76 

1,000 

165 

3.600 

290 

22,000 

175 

3,610 

320 

25,000 

185 

3,620 

340 

28,000 

195 

3,630 

360 

32,000 

205 

3,640 

390 

36,000 

215 

3,650 

410 

39,000 

220 

3,655 

430 

42,000 

225 

3,660 

450 

44,000 

235 

3,670 

470 

50,000 

0 

3,380 

0 

0 

20 

3,400 

25 

50 

0 

2,976 

0 

0 

Ik 

2,990 

2 

14 

2k 

3,000 

5 

50 

3h 

3.010 

21 

i3o 

kk 

3,020 

59 

570 

^k 

3,030 

120 

l,46o 

6k 

3,o4o 

ITO 

2,920 

68 

3,044 

188 

3,550 

Ik 

3,050 

212 

4.820 

Qk 

3,060 

254 

7,160 
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for  fishing,  boating,  camping,  and  summer  homes.  Regulated  re- 
leases of  water  from>  these  reservoirs  would  provide  flows  for  fish 
and  vrLldlife. 

Sffect  of  Project  on  Do'v.'n stream  Areas 

During  an  average*  year,  the  Harden  Project  would 
divert  25,800  acre -feet  of  the  average  annual  supply  of  ^0,300 
acre-feet  of  water  available  at  the  Mather  Diversion  Darasite  on 
the  Middle  Fork  Ta.i.olumne  River,  via  the  Mather  ditch.   Of  the 
remaining  li)-,SOO  acre-feet  available  at  Mather  Dansite,  300  acre- 
feet  would  be  lost  to  evaporation,  5,300  acre-feet  would  be 
released  during  months  of  lov;  flows  for  maintenance  and  enhance- 
ment of  fish  and  wildlife  on  the  Middle  Fork  Tuolumne  River  below 
Mather  Damsite,  and  8,900  acre-feet  would  be  spilled  to  Middle 
Fork  Tuolumne  River  at  Mather.  The  25,800  acre-feet  diverted  from 
Middle  Fork  Tuolumne  River  plus  the  average  annual  supply  of 
63,500  acre-feet  available  at  Harden  Damsite  South  Fork  Tuolumne 
River,  would  constitute  an  average  annual  water  supply  of  89,300 
acre-feet  at  Harden  Flat  Reservoir.  In  an  average  year  52,700 
acre-feet  of  the  average  annual  supply  at  Harden  Flat  Reservoir 
would  be  diverted  to  Lost  Claim  Forebay  via  the  Golden  Rock 
ditch,  900  acre-feet  would  be  lost  to  evaporation,  9,600  acre- 
feet  vrould  be  released  during  months  of  low  flows  for  maintenance, 
and  enhancement  of  fish  and  wildlife  in  South  Fork  Tuoliimne  River, 
and  26,100  acre-feet  would  be  spilled  to  the  South  Fork  Tuolumne 


*  Average  year  is  average  for  35-year  period  from  October  1,  1920, 
through  September  30,  1955. 
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River.  Of  the  5-, 700  acre-feet  of  water  divcrtod  by  the  Golden 
Rod',  ditch  during;;  an  average  year,  35,S00  acre-feet  would  be  the 
fin:i  yield  and  lu,900  acre-feet  would  be  the  non-firm  supply. 
Of  the  52,700  acre-feet  of  v.'ater  diverted  to  Lost  Claim  Forebay 
via  the  Golden  Rod:  ditch,  50,900  acre-feet  would  be  returned  to 
the  South  Fork  Tuolumne  River  at  Lost  Claim  Poweriiouse.  The 
remaining  1,800  acre-feet  would  be  diverted  by  the  Burch  Meadow 
Conduit  to  the  Harden  Project  service  area.  Approximately/  9OO 
of  tiie  1,300  acre-feet  would  ultiriately  be  return  flow  to  the 
Tuolumne  River. 

The  net  impainnent  of  the  Harden  Project  on  the  runoff 
of  the  Tuolumne  River  would  be  approximately  2,100  acre-feet. 
Since  the  fluctuations  in  storage  in  Harden  Flat  Reservoir  are  of 
shorter  duration  than  those  in  Don  Pedro  Reservoir,  operation  of 
Harden  Flat  Reservoil"  v7ould  not.  appreciably  decrease  the  yield  of 
Don  Pedro  Reservoir.  Thus,  whiD.e  the  Harden  Project  would  modify 
the  flows  of  the  Tuolumne  River,  the  effect  of  the  Harden  Project 
on  do'vmstream  uses  would  be  negligible. 

Tables  22,  23,  and  2ii  show  the  effects  of  the  Harden 

Project  on  areas  within  Southern  Tuolumne  County. 

°  Table  22,  entitled  "Present  Water  Requirement, 
Year  2020  Water  Supply  From  tlie  Harden  Project,  and 
Estimated  Maximum.  Water  Requirements  in  Southern  Tuolumne 
County,"  indicates  the  present  water  requirement  for 
domestic  and  recreation  uses,  the  amount  of  water  which 
could  be  supplied  from  the  Harden  Project  in  year  2020, 
and  the  estimated  maximum  water  delivery  requirements 
for  domestic  and  recreation  use.  The  table  shows  that, 
with  full  use  of  the  v/ater  made  available  by  the  project 
in  2020,  need  for  the  development  of  adcUtional  water 
will  occur  sometime  af-ter  2020. 


90 


°  Table  23,  entitled  "Projected  Population  Within 
the  Service  Area  of  the  Harden  Project,  and  Projected 
Annual  Visitor-Days  of  Recreation  Use  Attributable  to  the 
Harden  Project,"  sunmarizes,  by  decades,  the  projected 
visitor-days  of  use  attributable  to  the  Harden  Project 
and  the  projected  population  in  the  service  area  of  the 
Harden  Project.  The  table  indicates  a  sizable  increase 
in  population  and  nearly  a  20-fold  increase  in  recrea- 
tion use  within  the  service  area  of  the  Harden  Project. 

°  Table  2k,   entitled  "Projected  Annual  Volumne  of 
V.'ater  and  Amount  of  Hydroelectric  Power  Supplied  by  the 
Harden  Project,"  presents,  by  decades,  the  projected 
annual  volume  of  water  and  amount  of  hydroelectric  power 
to  be  supplied  by  the  Harden  Project.  The  table  indicates 
nearlj'  a  10-fold  increase  in  water  suppl;^  requirements 
diorinf^  the  50-year  period  1970-2020. 


TABLE  22 


PRESETW  WATER  REQUIRSI.ffil'n? ,  YEAR  2020  V/ATSR  SUPPLY  FROM 
THE  HARDEN  PROJECT,  AJ^ID  ESTIMATED  MAHI-IUlvI 
WATER  REQUIREMENTS  IT^  SOUTHERN  TUOLUMNE  COUNTY 
(in  acre-feet) 


:   Present  re-   : 

Supplj*-  in  year  2020 

:  Estimated  maximum 

rquirement 

for  : 

from 

Harden  Project 

:   requirements  for 

Unit 

:  domestic 

and  : 

for 

domestic  and 

:   domestic  and 

: recreation  use: 

ret 

creation  use 

:  recreation  water 

Harden 

* 

.. 

2,300 

Groveland 

150 

l,i^50 

2,100 

Moccasin** 

200 

350 

800 

TOTP.I& 

350 

l,8oo*** 

5,200 

*Less  than  50  acre-feet. 
**The  only  area  to  be  seized  with  project  water  from  the  Harden 
Project  is  the  urban  area  around  Bis  Oak  Flat. 
^-jfr^The  year  2020  water  requirement  of  about  2,800  acre-feet  woxild 
include  requirements  outside  the  Harden  Project  Service  area. 


Major  Project  Features 

The  following  discussion  considers  separately  each  of  the 
Harden  Project  features. 
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Mather  Diversion  Dam.  The  proposed  Mather  Diversion  Dam 
vould  be  constructed  on  Middle  Fork  Tuolumne  River  about  1.5  miles 
above  the  Middle  Fori:  Campground.  The  location  of  the  site  is  in 
Section  12,  To^'mship  1  South,  Ranee  19  East,  MDB&M.  Present  access 
to  the  reservoir  is  by  a  paved  road  into  I4iddle  Fork  Caiirp2:round  and 
then  by  a  pack  trail  established  by  the  United  States  Forest  Service 
for  a  distance  of  one  mile. 
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Design  Considerations.  leather  Diversion  damsite  is 
located  in  a  V-shaped  valley  \i±th   slide  slopes  of  about  35  per- 
cent.  Surficial  geologic  exploration  indicates  that  the  site  is 
suitable  for  the  diversion  dam  proposed. 

Fresh  granite  is  exposed  in  much  of  the  channel  while 
the  abutments  are  covered  with  vfeathered  rock  and  soil.   Foundation 
preparation  would  consist  of  the  removal  of  the  soil  and  weathered 
rock  on  the  abutments  and  minor  shaping  in  the  channel.  The  founda- 
tion would  require  a  small  amount  of  grouting  to  reduce  percolation 
of  water  under  the  dam. 

Concrete  aggregate  is  available  in  limited  amounts  in 
alluvial  deposits.  Also  available  nearby  are  granite  quarry  sites 
for  crushed  rock  aggregate. 

Reservoir.  Estimated  average  annual  runoff  of  Middle 
Fork.  Tuolumne  River  at  r4ather  Diversion  damsite  during  the  period 
from  October  1,    1920,  through  September  30,  1955,  is  to , 300  acre- 
feet.  The  runoff  drains  a  watershed  of  about  kh   square  miles.  This 
runoff  is  presently  unimpaired,  and  no  future  impairments  are 
expected.  The  reservoir  site  is  located  on  government-owned, 
unimproved  land.  The  clearance  of  some  timber  and  brush  v/ould  be 
required. 

Mather  Diversion  Dam  was  sized  large  enough  to  provide  a 
means  of  diverting  the  flov;s  of  Middle  Fork  Tuolumne  River  into 
Mather  ditch,  then  into  Ackerson  Creek,  a  tributory  of  the  South 
Fork  Tuolumne  River,  and  then  into  Harden  Flat  Reservoir.  A  dam 
with  a  height  of  20  feet  was  found  to  be  adequate  for  this  purpose. 
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The  dam  would  create  a  reservoir  with  a  storage  capacity  of 
about  25  acre-feet.  Mather  ditch  would  convey  the  water  from 
the  diversion  dam  to  Acker son  Creek.  The  diversion  schedule 
would  be  as  follovfs: 

When  inflow  to  Mather  Diversion  Reservoir  is 

°  10  second- feet  or  less,  no  diversions  to 
be  made  by  Mather  ditch,  all  flows  to  river. 

Greater  than  10  second-feet  but  less  than  I60 
second-feet,  first  10  second-feet  to  river, 
remainder  to  be  diverted  by  Mather  ditch. 

In  excess  of  I60  second- feet,  Mather  ditch 
to  divert  its  capacity  of  150  second-feet, 
remainder  to  river. 

Figure  1,  entitled  "Disposition  of  Available  Water  Supply  on  Middle 
Fork  Tuolumne  River  at  Mather  Diversion  Dam  During  an  Average 
Water  Year,"  depicts  the  disposition  of  the  available  water  supply 
at  Mather  Diversion  Dam  during  an  average  runoff  year.  The  figure 
also  depicts  how  proposed  releases  of  water  through  Mather  Diver- 
sion Dam  would  affect  the  natural  flows  of  liiddle  Fork  Tuolumne 
River  during  months  of  low  flow.  Operation  studies  of  the  Mather 
Diversion  Dam  dixring  the  study  period  are  presented  in  Table  25, 
entitled  "Summary  of  Monthly  Operations  Studies  of  Mather  Diversion." 

Dam  and  Spillway.  As  designed  for  cost  estimating 
purposes,  Mather  Diversion  Dam  would  consist  of  a  concrete  over- 
pour  section  rising  20  feet  from  an  elevation  of  k,6kO   feet  in 
the  streambed  of  the  Middle  Fork  Tuolumne  River.  The  total  volume 
of  concrete  in  the  200-foot-long  weir  would  be  about  2,i+00  cubic 
yards.  The  weir  is  designed  to  pass  the  3^,000  second- foot  peak 
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flow  of  the  msLximum  probable  flood  with  a  depth  of  ik   feet  of 
water  over  the  lip  of  the  dam. 

Outlet  Works.  Mather  Diversion  Dam  would  have  two  out- 
let works.  A  gate  valve  in  a  12-inch  diameter  pipe  would  be  used 
to  release  stream  maintenance  flows  through  the  dam.  The  second 
control  structure,  a  6- foot -square  slide  gate,  would  be  used  to 
regulate  flows  into  Mather  ditch. 

A  summary  of  the  estimated  capital  costs  of  the  Mather 
Diversion  Dam  and  appurtenances  is  included  in  Table  26,  entitled 
"Estimated  Capital  Costs  of  Harden  Project  Dams  and  Reservoirs." 

Mather  Ditch 

Mather  ditch  would  consist  of  about  l6,000  feet  of  open 
canal  and  2,500  feet  of  flume.  Its  capacity  would  be  150  cubic 
feet  per  second.  From  Mather  Diversion  Dam,  the  conduit  would 
extend  southerly  about  3*5  miles  to  its  outlet  on  Ackerson  Creek, 
1.3  miles  above  Ackerson  Creek's  confluence  with  the  South  Fork 
of  the  Tuolumne  River.  The  alignment  selected  for  the  Mather  ditch 
would  pass  through  heavy  to  moderate  tree  and  brush  cover. 

The  canal  would  be  built  through  an  area  underlain  by 
granitic  rocks  which  are  in  some  places  exposed  and  at  other  places 
covered  by  decomposed  granite.  In  the  decomposed  granite  areas, 
the  trapezoid- shaped  canal  would  have  a  U-foot  bottom  width,  a 
3.8-foot  depth,  and  1^:1  side  slopes.  In  the  hard  rock  areas,  the 
canal  v7ould  have  a  U-foot  bottom  width,  a  U.i;-foot  depth,  and 
•^:1  side  slopes.  The  canal  would  be  concrete-lined  throughout, 
would  have  a  gradient  of  0.0005,  and  would  have  a  design  velocity 
of  about  k   feet  per  second. 
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TABLE  26 

ESTIMATED  CAPITAL  COSTS  OF  HARDEN  PROJECT  DAMS  AND  RESERVOIRS 
(Based  on  prices  prevailing  in  fall  I961) 


Mather  Diversion 


Features 


Amount 


Cost 


Lost  Claim  Forebay 
Amount    :   Cost 


Dam 


Excavation  and  stripping  1,000  c,y.   $  2,800  113,000  c.y.   $198,000 

Concrete  2,360  c.y.   129,600 

Grouting  200  l.f.     2.600  


Subtotals 


$135,000 


$198,000 


Spillway 


Lump  sum 

Subtotal 

Outlet  workL 

Lump  sum 

$  7,000 

Subtotal 

$  7,000 

Other  items 

Lump  sum 

$  4,000 

Total  all  : 

items 

$146,000 

Contingencies: 

1% 

22,000 

Subtotals 

$168,000 

Engineering:   1 

% 

25,200 

Subtotals 

$193,200 

Interest  during 

construction 

2,800 

TOTAL 

CAPITAL 

COSTS 

$196,000 

$  2,000 
$  2,000 


$200,000 

30,000 
$230,000 

3^,500 
$264,500 

3,500 
$268,000 


( Continued) 
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ESTIMATED  CAPITAL  COSTS  OF  HARDEN  PROJECT  DAMS  AND  RESERVOIRS 
(Based  on  prices  prevailing  in  fall  I961) 


Features 


Harden  Flat 


Burch  Meadow 


Amount 


Cost 


Amount 


Cost 


Dam 


Excavation  and  stripping 
Er/^ankment 

Rock  fill 

Impervious 

Transition^  etc. 

Grouting 

Subtotals 


177.000  c.y.  $  190,100  i^7,000  c.y.  $  i^3,200 


910,000  c.y. 

600,000  c.y. 

133,000  c.y. 

l.s. 


720,500 

Ul+3,700  230,i+00  c.y.  273,900 

201,000  36,800  c.y,  101,600 

16^,700        l.s.  31,300 


$1,720,000 


$450,000 


Spillway 

Excavation 
Concrete 
Reinforcing  steel 

Subtotals 


82,000  c.y. 
5,000  c.y. 
37,000  lb. 


$ 


150,000 

300,000 

50,000 


$  500,000 


9,300  c.y.  $  9,300 

600  c.y,   29,100 

3,100  lb      4,600 

$  43,000 


Outlet  works 

Lump  sum 
Unlisted  items 

Lump  sum 
Relocation 

Lump  sum 
Reservoir 

Land  and  improvements 
Clearing 

Subtotals 

Total  all  items 
Contingencies:   15^ 

Subtotals 
Engineering  and  administration: 

Subtotals 
Interest  during  construction 

TOTAL  CAPITAL  COSTS 


$  380,000 


15?^ 


430  ac. 


277,000 
53,000 

$  330,000 
$2,930,000 
$  439,500 
$3,369,500 

505,400 
$3,874,900 

155,100 
$4,030,000 


188  ac, 


$  47,000 
38,000 

104,000 

32,000 
11,000 

$  43,000 

$725,000 

$108,800 

$833,800 

125,100 

$958,900 

21,100 

$980 ,000 
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Two  sectiona  of  flume  are  proposed:  one  nection  wo^old 
be  on  the  side  hill  at  the  beginning  of  the  ditch;  the  other  section 
would  be  an  elevated  flume  over  a  gully  in  the  middle  reach  of 
the  ditch.  The  flumes  would  have  a  diameter  of  7  feet  and  a 
gradient  of  O.OOU.  Water  would  flow  at  a  velocity  of  about  9 
feet  per  second. 

A  summary  of  the  estimated  capital  costs  of  the  Mather 
Ditch  is  included  in  Table  27,  entitled  "Estimated  Capital  Cost 
of  Harden  Project  Conduits." 

Harden  Flat  Dam  and  Reservoir 

The  proposed  Harden  Flat  Dam  would  be  constructed  in 
a  steep,  narrow  canyon  carved  by  the  South  Fork  Tuolumne  River 
approximately  one-half  mile  west  of  the  community  of  Harden  Flat. 
Present  access  to  the  damsite  is  by  a  footpath  about  1,000  feet 
in  length,  starting  at  a  sawmill  located  adjacent  to  State  Highway 
120.  The  dam  would  be  located  in  Sections  35  and.  36,  Township  1 
South,  Range  I8  East,  MDB&M.   Surficial  geologic  examination  indi- 
cates that  the  site  is  probably  suitable  for  a  dam  of  the  height 
proposed.  Topography  of  the  Harden  damsite  was  mapped  by  the 
Department  of  Water  Resources*  to  the  scale  of  1  inch  equals  100 
feet,  with  a  contour  interval  of  10  feet.  The  reservoir  was  mapped 
to  a  scale  of  1  inch  equals  3OO  feet,  with  a  contour  interval  of 
10  feet. 


*  This  map  was  an  extension  of  the  U.S.  Bureau  of  Reclamation  map 
made  in  19^7  to  the  scale  of  1  inch  equals  50  feet  and  was  made 
using  photogrammetric  methods. 
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Design  ConGiderations.  The  damsite  is  located  on  quartz- 
mica  schist  and  quart site  rocks  of  the  Calaveras  group.  Areas  of 
numerous  rock  outcrops  or  thin  soil  development  account  for  about 
one  half  the  area  of  the  damsite  on  the  right  abutment  and  for  about 
two  tenths  of  the  area  on  the  left  abutment.  Areas  of  thicker 
residual  soil  or  slopewash  account  for  one  quarter  of  the  right 
abutment  area  and  six  tenths  of  the  left  abutment  area.  Areas  of 
talus  and  slopewash  account  for  the  remaining  one  fourth  of  the 
right  abutment  and  two  tenths  of  the  left  abutment.  Most  of  the 
channel  area  is  covered  by  alluvium.  Three  smaller  shear  zones  are 
visible  in  the  right  abutment.  VJhere  visible,  the  bedrock  is  not 
weathered  to  a  great  depth  and  all  varieties  of  rock  involved,  where 
fresh,  appear  to  be  strong  enough  to  support  the  dam.  The  alluvial 
materials,  however,  are  unconsolidated  and  unstable.  The  sheer 
zones  are  small  and  should  pose  only  a  minor  problem. 

Foundation  preparation  for  the  right  abutment  would  involve 
removing  loose  debris  to  an  average  depth  of  seven  feet,  shaping  to 
eliminate  large  jutting  outcrops,  and  trenching  and  grouting  of  the 
shear  zone. 

Foundation  preparation  in  the  channel  would  involve  removal 
of  all  alluvium  to  an  average  depth  of  ten  feet  and  treatment  of 
the  sheai'  zones  by  trenching  and  grouting. 

Foundation  preparation  of  the  left  abutment  would  involve 
removal  of  the  loose  debris  to  an  average  depth  of  ten  feet  and  shaping 
of  the  foundation  to  remove  jutting  outcrops.  Moderate  grouting 
would  be  required  to  reduce  percolation  of  water  under  the  dam. 
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Since  large  areas  of  the  abutments  are  covered  by  col- 
luvium  and  only  siorficial  geology  is  available,  it  is  recommended 
that  detailed  exploration  be  conducted  to  assure  that  serious 
foundation  problems  do  not  exist. 

Materials  suitable  for  use  in  an  earthfill  or  rockfill 
dam  exist  close  to  the  site.  Potential  quarry  sites  in  quartz- 
mica  schist  exist  in  the  spillway  area  and  immediately  downstream. 
Power  augering  was  used  to  sample  a  leirge  source  of  impervious 
decomposed  granite  in  the  hill  slopes  of  the  reservoir.  The 
limited  testing  indicated  that  probably  a  sufficient  source  of  a 
nonplastic,  silty  sand  (SM)  material  is  available  as  impervious  or 
semi pervious  material  to  build  the  dam.  Filter  materials  and 
concrete  aggregate  could  be  obtained  from  alluvium  in  the  South 
Fork  of  the  Tuolumne  River.  It  appears  that  adequate  amounts  of 
these  materials  could  be  obtained  within  about  one  mile  of  the 
damsite . 

Reservoir.  Estimated  natural  runoff  of  South  Fork 
Tuoliunne  River  at  Harden  darasite  is  63,500  acre-feet  annually. 
The  runoff  drains  a  watershed  of  about  82  square  miles.  Present 
impairments  of  runoff  are  minor  and  it  is  anticipated  that  future 
impairments  vd.ll  remain  minor.  In  addition  to  the  natural  runoff 
of  South  Fork  Tuolumne  River  about  Harden  damsite,  an  estimated 
average  of  ?5,800  acre-feet  would  be  diverted  from  the  Middle  Fork 
Tuoliimne  River  annually,  by  the  Mather  Diversion  Dam  and  Mather  ditch. 

The  reservoir  would  inundate  approximately  U30  acres 
of  privately  owned  meadow  and  forest  land.  Improvements  presently 
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located  within  the  proposed  reservoir  site  include  a  summer  lodge, 
cabins,  a  service  station-market,  and  a  sawmill.   Clearing  of 
second-growth  timber  throughout  a  major  portion  of  the  reservoir 
area  would  be  required. 

Economic  analysis  shows  that  Harden  Flat  Reservoir  should 
be  sized  to  have  an  active  storage  capacity  of  U0,800  acre-feet 
to  maximize  the  net  benefits  derived  from  power.  With  the  addition 
of  inactive  storage,  the  gross  storage  required  in  Harden  Flat 
Reservoir  is  ^4-2, 000  acre-feet. 

Figure  2,  entitled  "Disposition  of  Available  Water  Supply 
on  South  Fork  Tuolumne  River  at  Harden  Flat  Dam  During  an  Average 
Runoff  Year,"  compares  releases  of  water  from  Harden  Flat  Reservoir 
and  natural  runoff  of  the  South  Fork  Tuolujiine  River.   A  summary  of 
monthly  operation  studies  is  presented  in  Table  28,  entitled  "Summary 
of  Monthly  Operation  Studies  at  Harden  Flat  Reservoir." 

Dam.   Harden  Flat  Dam  would  be  an  earth  and  rockfill 
structure  rising  235  feet  from  streambed  elevation  of  3,^35  feet. 
The  crest  would  be  750  feet  in  length  and  30  feet  in  width.   The  dam 
would  have  upstream  and  downstream  slopes  of  2:1,  and  would  contain 
about  1,640,000  cubic  yards  of  earth  and  rock.   Plate  7,  entitled 
"Harden  Flat  Dam  on  South  Fork  Tuolumne  River, "  shows  the  general 
features  of  the  proposed  dam. 
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FIGURE  2 


80 


70 


60 


50 


o 

z      40 

S 
o 


30 


20 


10 


DIVERSION 


-ESTIMATED    NATURAL   RUNOFF 


^^^^^^^^^^^^^53:^^^^ 


^\\\\\\\\\\\^oo^^^^s\ 

STREAM   MAINTENANCE  RELEASES 


^-^^^^^^^^^^m^^^^^^ 


JULY 


AUGUST 


SEPTEMBER 


OCTOBER 


ESTIMATED    NATURAL   RUNOFF 
AND  STREAM    MAINTENANCE    RELEASES 


AVAILABLE    WATER 

SUPPLY 
89.300  ACRE-FEET 


EVAPORATION 
900  A.F 


DISPOSITION   OF  WATER 

SUPPLY 
89,300   ACRE-FEET 


DISPOSITION  OF  AVAILABLE   WATER    SUPPLY 

ON  THE  SOUTH  FORK    TUOLUMNE  RIVER 

AT  HARDEN  FLAT  DAM 

DURING  AN  AVERAGE  RUNOFF   YEAR 

113 


-p 

CO 

Eh    0) 

(\i 

<    Q) 

tH 

w 

uy    1 

J 

W    (U 

n 

W  ^ 
g^ 

H 

CO    c 

M 

S^- 

o 

R 

g 

w 

PU 

o 

iH 

rH 

•H 

ft 

,^— ^ 

CO 

c 
o 

•H 

+J 

1       d 

« 

o  o 

u 

ft-H 

o 

(0    +^ 

^  2 

w 

C) 

^ 

s 

CO 

o 

U  'O 

w 

O 

4J 

■H    rH 

C) 

-P 

•H 

Cm    0) 

H 

« 

•H 

w 

C    >j 

Ti 

c 

^ 

o 

a 

u 

O 

s 

CB 

•H 

o 

CO 

« 

. .     . . 

w 

u 

<ll 

0) 

c 

-  '^ 

w 

> 

(I) 

S   H 

01 

•H 

Tl 

S    (D 

(I) 

« 

H 

•H    -H 

iH 

O 

(in     >» 

a) 

CT 

^1 

u 

■p 

S 

0)     0) 

.t" 

w 

>  +:>    o 

IS 

(1) 

O    C    C! 

Jh 

r-l   -H     05 

■P 

Cm    03    a 

w 

iH 

03 

-P 

O 

9h 

* 

H 

is 

03 

^ 

^ 

fH 

+^ 

OS 

M 

S 

C 

o 

U    -H 

s 

0)     C/3 

o 

^     f-^ 

Jh 

-P     0) 

[in 

i2     > 

a> 

J-. 

W3 

■P            (U 

CO    C 

CO   Cm   ^ 

!h    O 

MOO 

O 

•H            +J 

+J 

Cin           O 

W 

O 

Ch 

Cm    Jh 

O    03 

C    (U 

<§ 

>> 

o  o  o  o  o 
o  o  o      o 

^    ir\  ,-{             U-N 

O  Q  O  O 
O  O  O 

(M    U-NON 

O  O 

o  o  o 
o 

o  o  o  o  o 
o  o  o  o  o 

OO  J-   OJ    OONO 

•\              »\              "N                                 "S 

»\       ^       •» 

•s 

rv         ^          *x          *v 

c^nvD  on       ,H 

J-  no  rH 

ITN 

H 

OJ    rH    H  -:t 
OO  OO^    OO 

H 

o  o  o  o  o 
o  o  o  o  o 

ON  ON  ON  t~-  ON 

O  O  O  O 
O  O  O  O 

ON  ON  ON  00 

O   O 

o  o 

ONVO 

O  O  O 
O  O  O 
ON  ON  t-- 

O  O  O  O  O 
O  O   O  O  O 

ON  ON  On  On  ON 

o  o  o  o  o 

o  o  o  o 

rH  CO   rH  OO 

ON  NO    ON  OJ 


O  O  O  O 
O  O  O 
OJ  OJ  -d- 

t—  On  OO 


O  O   O  O  O 
O  O  O 

OJ         J-  O 

aTuA 


O  Q  O  O  O 

o  o  o  o  o 

OO  no  t^  f-  OJ 

»^         ^  as         *,         •> 

^    LTN  OO  t^   rH 
rH    OJ    OJ    OO  rH 


o  o  o  o  o 

o  o  o  o  o 

CO  CO  CO  CO  OO 

o  o  o  o 
00  CO  00  CO 

o  o  o  o  o 
o  o  o  o  o 

OO  CO  C30  CO  CO 

o  o  o  o  o 

Q  O  O  O  O 
(5  OO  CO  CO  C30 

L/N  LTN  LfN  t/N  l/N 

ro  ro  OO  OO  OO 

UA  LTN  L/N  ITN 
OO  OO  OO  OO 

ITN  lTN  LfN  LPi  l/N 

OO  ro  OO  OO  OO 

LTN  l/N  UfN  LfN  l/N 
OO  OO  OO  OO  OO 

O  O  O  O  O 
O  O  O  O  O 
oocO  -d-  c^OJ 

o  o  o  o 
o  o  o  o 

^  O  CO  CO 

o  o  o  o  o 
o  o  o  o  o 

CM   Ol  -::J-  CO   OJ 

o  o  o  o 
o  o  o  o 

UA  ON  O  ND 

o 
o 
o 

ONCO  O  CO  O 

H             rH 

ON  O    ONCO 
H 

r-  t~-co  t--  r- 

ON  On  O  O 

o 

H 

:3 

O  O  O  O  O 
O   O   O  O  O 
O  CO  t— ^  -4- 

o  o  o  o 
o  o  o  o 

O    OO  J-    U-N 

O  O  O  Q  O 

o  o  o  5  o 

OJ  On  NO  r-{  OO 

o  o  o  o 
o  o  o  o 

OJ  CO   O  OJ 

o 
o 

H 

c 

•H 
H-> 

c 

O 

OJ   ONCO  -^  00 
O  OJ   ON  OJ  00 
rH    ^ 

U>  OJ    ON  c/> 
LfN  O  ND  -4- 

UPv  O    t^CO  CO 
^   OJ    ON^   OJ 

O  OO  CM  ^ 

rH    O    rH    CM 

rH    rH    rH    Ol 

ON 

J- 

o  o  o  o  o 
o  o  o  o  o 

CO   OJ  J-  NO    rH 


o  o  o  o 
o  o  o  o 

ND  00    OO  OO 


o  o  o  o  o 
o  o  o  o  o 

C-  H    O  J-    ITN 


o  o  o  o  o 
o  o  o  o  o 

OO  On  OO  rH  ON 


On  t-CO  CO  ON 
ND    ON  NO    rH    LTN 


o  o  o  o  o 

O  O  O  O   O 
OJ  NO    OOCO    OO 


LI"N  ON  LTN  O 

rONO  -4-  OO 


O  O  O  O 
O  O  O  O 
^    LTN  rH    OJ 


00    LTN  t—  OO  O 
OJ   H  NO  OO  Ol 


O  O  O  O  O 
O  O  O  O  O 
LP*  00  VD  f— 00 


H  rH  OJ  J-   u^ 

00  t~-co  r—  OO 


o  o  o  o  o 
o  o  o  o  o 

ON  ON  >-  H  00 


OJ  OJ  O  u^  On 
ro  OO  ro        <M 


O  O  O  O  O 
O  O  O  O  O 
CO  NO   O  J-   rH 


ON  OJ  -^   LTN 

rH    OO  OJ    rH 


O  O  O  O 
O  O  O  O 

ONCO    LTNND 


NO    LTN  O  -d-    t^ 
r-i  OO  rH 


o  o  o  o  o 
o  o  o  o  o 

C—   rH    U-x  H  OO 


CO  H   ON  O  OO 
OJ    OO  OJ    UA  rH 


O  O  O  O  O 
O  O   O  O  O 

NO    OJ    LTN  UN  rH 


f-  OJ    OJ    rH    ON 
OJ    OO  OO  rH    OJ 


rH    OJ    OO^    LTN 

OJ   OJ   OJ  OJ   OJ 


o 

OJ 

On 


U-\00  NO  NO 
OJ  OJ  OJ  OJ 


NO    t— CO    ON 
OJ  OJ  OJ  CVJ 
1 

LTN 

OJ 

ON 


ir-  u-N  ONCO  OJ 

OJ  OJ    OJ    rH 


O   H   OJ   OO.::!- 
OO  OO  OO  OO  OO 


ON  On  On^   ua 
OJ   OJ   OJ   OO  OJ 


ufNND   t^OO   ON 
OO  OO  OO  OO  OO 


ON 
OJ 

On 


J- 

OO 

ON 


114 


o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o  o 

o 

8 

H 

O  Q  O  O  O 
rOVO  u^  ON  O 

o  o  o  o  o 

o  o  o  o  o 

o 

H 

H  VD  O  OO  ON 

^  CO  ITNCM   C3N 

o 

H 

•H 

•V           »^           »\           •S           »v 

»^          as          aN         •«          rv 

*«          v\         ^          ^         •« 

•* 

•\ 

P< 

CO  O  rot-  CVJ 

CM  t-  OJ  MD  OO 

C7n  f-  OnO  rH 

OO 

V£> 

'--^ 

CO 

COVD  VD    UA  rH 

^  CM 

Cnt-  r^    r-i 

H 

OJ 

c 

o 

•H 

C7N 

-p 

r     C 

O  O  O  O  O 

O  O  O  O  Q 
O  O  O  O  O 

o  o  o  o  o  o 

O 

O 

(D 

O    O 

O  O  O  O  O 

o  o  o  o  o  o 

O 

O 

M 

ft-H 

0\  ON  ON  On  ON 

CJN  C3N  C7N  C3N  ON 

ON  C7N  On  On  CJN  CTN 

t— 

C3n 

to  +J 

S' 

^2 

^ 

CO 

(D 

jH 

g 

w 

CJ 

U  T} 

o  o  o  o  o 

O  O  O  O  O 

O  O  O  O  O  O 

o 

Q 

p:; 

to 

o 

■P 

•H    H 

o  o  o  o  o 

O  O  O  O  O 

O  O  Q  O  O  O 

M3    t-\5    l^  COrH 

o 

Q 

M 

o 

+i 

•H 

Cm    <U 

H  H  J-  CVJ  ^ 

rH  CM  CM  OOO 

1^- 

On 

p 

r-{ 

Q 

•H 

*^          ^          rv         av          ^ 

»«         ^        vs        *v         VS        *s 

•\ 

•s 

(D 

> 

OJ 

G    >> 

OJ  ro-d-"  O  OJ 

on  UA  rH  VD    CJN 

O  CM  OnCO^  cm 

OJ 

vo 

■P 

05 

13 

c 

^ 

O 

C\J  CO  ro-d-  H 

CO  OO  rH 

H  -4-   OJ    rH   rH 

ON 

M 

•H 

M 

C 

o 

o 

S 

ITN 

to 

CO 

CQ 

•H 

o 

S 

s 

W 

to 

05 

..    .. 

O  Q  O  O  O 
O  O  O  O  O 

o  o  o  o  o 

O   O  O  O  O  O 

o 

O 

a 

(1) 

(U 

C 

tJ 

op  CO  CO  <3  OO 

O  O  O  O  O  O 

o 

8 

§ 

CO 
CD 

> 
•H 
Q 

0) 
H 

a  H 

•H    -H 

OO  CO  CO  00  CO 

00  CO  CO  CO  00  00 

o 

•p 

rH 

LTN  ir\  LPv  Lf\  LP> 

LTN  LTN  LTN  LTN  t/N 

ITN  l/N  UfN  LPv  l/N  ITN 

CO 

LTN 

fe 

O 

cn 

E^     >. 

on  ro  m  on  m 

CO  OO  OO  OO  OO 

OO  OO  OO  fo  OO  CO 

LTN 

OO 

fu 
C 
^ 

Q 

^ 

pc 

0) 

1 

1 

u 

'""^ 

2 

-p 

6 

(U    (U 

O  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o  o 

o 

O 

a 

xf 

^ 

CO 

CO 

>    -P    o 

o  o  op  o 

^  f-cJ0c50  tr\ 

o  o  o  o  o 

o  o  o  o  o  o 

o 

O 

K 

0) 

0 

^^ 

S 

(D 
-P 

o   a  c 

r-H     -H       CO 

UM— CO   O  OJ 

l^-:t  t--:i-   f-  CO 

J- 

VO 

(0 

c 

o"  o  o  o  o 

o  o  ono  o\ 

C7N  O  O  O  ON  ON 

VO 

ON 

•H 

4-> 

CO 

s 

r^    ,-{    r-^    rA    r-{ 

r-i    H            rA 

r-i    H    r-i 

CO 

+J 

CO    (U 

OO 

u 

C3 

W    OJ 

> 

O 

o  o  o  o  o 

O  O  O  O   O 

O  O  O  O  O  O 

o 

o 

o 

Q      1 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o  o 

o 

o 

■H 

" — 

e  ?i 

CO 

OJ  L(>  ur\  O  ON 

^         •»         ^v        •%         -s 

rH-=i-   t-  H   OO 

•V         •v         •*         »v         •s 

CM   ON  t-CO  LfN  t^ 

-d- 

OO 

« 

CO 

CO    o 

P" 

O  J-^  CM  O 

OO  CJN^   CM  CO 

viT  t-^  cm"  o  h"  t-^ 

ir\ 

CJn 

0) 

OJ 

a> 

O 

rH^  J-^    t-- 

OJ    O    LPvV£>    ITN 

MD  CMMD  C^  f-_d- 

OJ 

00 

a 

EH 

H    H    rH    rH 

,-\  ,-{ 

H  H 

rH 

g 

3 

i 

o  c 

•\ 

3 

M   M 

:5 

o 

H 

CO 

rH 

♦ 

O  Q  O  O  O 
O  O  O  O  O 

O  O  O  O  O 

O  O  O  O  O  O 

o 

o 

^w* 

^ 

W 

<H 

rH 

Q  O  O   O  O 
v5  O  CM  t-  O 

O  O  Q  O  O  O 
CTn^D  O-d-  OOCM 

O 

o 

PL. 

o 

2 

3 

^  OJ  CO^  ^ 

-* 

UN 

D 

ON  00  VO   rH   H 

VO"\£r  C3N  O?  cT 

J-"  t-^  OO  t~^  rT  CO 

OO 

CO 

>-l 

+> 

^-  o  o  o  cTN 

CO  t—  OO^  _d- 

J-  OO  CM  J-   LTN  OO 

CM 

\D 

[X, 

^ 

CO 

rH    H    rH 

H 

OJ 

s 

•s 

A 

^ 

OJ 

-p 

O 
CO 

§ 

c 
o 

O  O  O  O  O 

O  O  O  O  O 

O  O  O  O  O  O 

^ 

o 

Ct4 

^H    -H 

O  O  O  O  O 

o  o  o  o  o 

O  O  O  O  O  O 

Q 

o 

Ch 

o 

0)    to 

■P     0) 

CO    CT)  f-VO    LTN 

LTNJ-    U-N J-    CO 

OO  CO  ^-^  CM  UN 

o 

CO 

O 

^ 

C3  VlT  C3N  CD"  C!N 

Vo"oO  t-^ONCo" 

rH  O  On  CO  O  -d- 

cm" 

LTN 

^ 

1 

fc 

Q 

OO  OOOO-d-    rH 

CO  OO  H  H  rH 

OJ  -d-  OO  OJ  CM  rH 

o 

CJN 

CM 

Cm 

CO 

g 

(U 

^1 

O  Q  O  O  O 
O  O  O  O  O 

O  O  O  O  O 

O  O  O  Q  O  O 

rH 

tjO 

+J           0) 

o  o  o  o  o 

O  O  O  O  O  O 

CD 

CO    c 

to   (in   ^ 

rH    UAVD    ON  CM 

CO  O  O  CM  CA 

CTN  OO  J-  J-   OO  CJN 

1 

^ 

>H      O 

Jh     O    O 

■S          »v         r^          vs          ^ 

»v        *^         as         *v        *v 

•V            ^           »v           VS           VN           *V 

1 

Cd 

3 

o 

•H          -P 

OO  CM  OO  OnCJN 

ON  C3NVD   C3N  t- 

t— CO  J-  ONco  r- 

o 

P 

+J 

Ch            o 

CM  OO  OOCM  OJ 

CM  CM  OJ  CM  CM 

CM  CM  OOCM   OJ  CM 

< 

CO 

CO 

O 

C 

(1) 

< 

<t-i 

-p 

<f-i    ^ 

O  rH  CM  no  J- 

l/NVO  t— 00  C^ 

O  H  OJ   OO-d-   l^ 

W 

CO 

o  CO 

^  ^  ^  ^  ^ 

-d-J-  -:t  ^  -^ 

LTN  ITN  1/N  L/N  l/N  LP> 

CO 

2 

e 

C    (1) 
3    >> 

1 
ON 

J- 

C7N 

d 

S 

■H 
■P 

ffi 

OO 

J- 

^ 

s 

1 

CO 

o\ 

ON 

ON 

UN 

W 

r-t 

r-{ 

,-t 

Eh 

OO 

* 

115 


Spj]  Iway .   An  unvoted  side-channel  splllvray  \T±th   a  con- 
crete o[;ee   weir  300  feet  in  Length  and  \^^ith  a  partially  ].ined 
chute  wov;ld  be  constructed  in  the  rip,ht  abutment.   It  would  be 
designed  to  ass  a  flood  peal:  of  58, 000  second-feet,  wirich  repre- 
sents the  discharr;e  resulting  froT.  the  maximuiTi  probable  flood. 
The  maxinun:  depth  of  water  above  the  spillway  lip  would  be  1^  feet. 
An  additional  one  foot  of  freeboard  would  be  provided.   The  spillway 
vrould  pass  the  23-000  second-feet  peal;  flow  of  the  standard  project 
flood  with  seven  feet  of  water  above  the  spillway  lip  and  with 
eight  feet  of  freeboard.   Spilled  water  would  be  returned  to  the 
main  river  channel  downstream  from  the  toe  of  the  dam. 

Qi  tlet  Works.   V/ater  would  flow  6^'0  feet  through  a  seven- 
foot  diameter  diversion  tunnel  to  an  emergency  control  structure  in 
the  tunnel  plvig  located  under  the  crest  of  the  dam.   There,  the  flow 
would  pass  through  a  ij-8-inch  diameter  slide  gate,  and  tnen  through 
500  feet  of  U8-inch  diameter  steel  pipe  to  the  tunnel  exit,  where  the 
flow  would  be  regulated  by  a  42- inch  butterfly  valve  in  the  headvrorks 
of  Golden  Rock  ditch.   For  stream  maintenance  releases,  a  bypass 
will  be  provided  from  the  UPj-inch-diameter  pipe  near  the  end  of  the 
tunnel  to  the  South  Fork  Tuolumne  River  through  an  18- inch-diameter 
pipe  controlled  by  an  l8-inch  Howell-Bunger  valve. 

A  sumraary  of  estimated  capital  costs  of  Harden  Flat  Dam 
and  Reservoir  is  included  in  Table  26,  entitled  'Estimated  Capital 
Costs  of  Harden  Project  Dams  and  Reservoirs." 
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Golden  Rock  Ditch 

Golden  Rock  ditch  would  consist  of  about  42,000  feet  of 
open  canal,  2,000  feet  of  flume,  and  2,000  feet  of  inverted  siphon. 
Its  capacity  would  be  165  second- feet.  From  Harden  Flat  Reservoir, 
the  conduit  would  extend  about  8.7  miles  west  to  Lost  Claim  Forebay. 
The  alignment  would  generally  follow  the  now  abandoned  Golden 
Rock  water  ditch.  Acquisition  should  be  relatively  uncomplicated 
since  the  rights-of-way  for  the  abandoned  ditch  are  still  held  by 
Tuolumne  County. 

The  canal  would  have  a  concrete-lined  trapezoidal  section, 
with  a  gradient  of  0.0005 .  The  velocity  of  flow  at  design  capacity 
would  be  about  U.5  feet  per  second.  In  rock,  the  canal  would  have 
a  depth  of  4.2  feet,  a  freeboard  of  1  foot,  a  bottom  width  of  6 
feet,  and  side  slopes  of  -g-rl.  In  common  excavation,  the  canal 
would  have  a  depth  of  3.7  feet,  a  freeboard  of  1  foot,  a  bottom 
width  of  5  feet,  emd  side  slopes  of  l-g-rl. 

The  semicircular  flume  would  have  a  9.5-foot  diameter  and 
a  gradient  of  0.0007.  The  velocity  of  flow  at  design  capacity  would 
be  about  five  feet  per  second. 

Golden  Rock  ditch  would  pass  under  State  Highway  120 
in  an  inverted  siphon.  The  inverted  siphon  would  be  a  60-inch 
diameter  pipe,  2,000  feet  in  length,  supported  by  piers  and  saddles 
except  for  the  cut  and  cover  section  imder  the  highway.  The  hydraulic 
gradient  would  be  0.0024  and  the  velocity  of  flew  at  design  capacity 
would  be  about  eight  feet  per  second. 

A  summary  of  estimated  capital  cost  of  Golden  Rock  ditch 
is  included  in  Table  27,  entitled  "Estimated  Capital  Cost  of  Harden 
Project  Conduits." 
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Lost  Claim  Forebay 

Lost  Claim  Forebay  would  be  formed  by  excavating  a 
reservoir,  entirely  in-cut,  out  of  a  mountain  top  near  Lost  Claim 
Campground. 

Present  access  to  the  site  is  by  two  miles  of  unpaved 
road  from  Lost  Claim  Campground  which  is  located  adjacent  to 
State  Highway  120.  The  forebay  would  be  located  in  Section  25, 
Township  1  North,  Range  18  East,  MDB&M.  Topography  of  the  site 
was  obtained  from  the  United  States  Geological  Survey's  li-nii'^^'te 
quadrangle,  "Jawbone  Ridge,  California,"  scale,  1:2U,000;  contour 
interval,  50  feet. 

Bedrock  at  the  Lost  Claim  Forebay  site  is  a  schist 
which  is  covered  by  eight  feet  of  overburden.  The  rock  would 
require  drilling  ajid  blasting. 

Lost  Claim  Forebay  would  have  a  storage  capacity  of 
50  acre-feet.  This  capacity  is  sufficient  to  allow  time  for 
releases  from  Harden  Flat  Reservoir  to  reach  the  forebay  (in  case 
of  a  sudden  power  demand)  before  the  forebay  would  be  emptied. 
Water  leaving  the  forebay  would  flow  500  feet  in  the  last  section 
of  the  Golden  Rock  ditch  to  the  entrance  of  the  Lost  Claim  Power- 
house penstocks  or  would  flow  through  Burch  Meadow  Conduit  to 
Burch  Meadow  Reservoir. 

A  summary  of  estimated  capital  costs  of  Lost  Claim  Forebay 
is  included  in  Table  26,  entitled  "Estimated  Capital  Costs  of  Harden 
Project  Dams  and  Reservoirs." 
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Lost  Claim  Powerhouse 

Lost  Claim  Powerhouse  would  have  an  installed  power 
capacity  of  22,000  kilowatts.  The  welded  steel  penstock  to  the 
powerplant  would  be  3,36o  feet  long.  Its  diameter  vrould  decrease 
from  5U  inches  at  its  inlet  to  i+2  inches  at  its  outlet  in  the 
powerplant.  The  powerplant,  operating  under  an  average  static 
head  of  2,000  feet,  would  consist  of  a  single  power  unit.  Estimated 
capital  costs  of  the  Lost  Claim  Powerhouse  are  summarized  in  Table 
29,  entitled  "Estimated  Capital  Costs  of  the  Lost  Claim  Powerhouse 
of  the  Harden  Project." 

TABLE  29 

ESTIMATED  CAPITAL  COSTS  OF  THE  LOST  CLAIM  P0\VERH0USE 
OF  THE  HARDEN  PROJECT 

(Based  on  prices  prevailing  in  fall  I961) 


Feature 


Quantity 


Cost 


Penstock 
Powerp.Tant 

Subtotal 
Contingencies:   15?^ 

Subtotal 
Engineering  and  administration: 

Subtotal 
Interest  during  construction 
TOTAL 


1,760,000  lbs. 


15^ 


$  810,000 

1,960,000 

$2,770,000 

Ul^,000 

$3,185,000 

478,000 

$3,663,000 

72,000 

$3,735,000 
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Burch  Meadow  Conduit 

Burch  Meadow  conduit  would  consist  of  about  13,300  feet 
of  open  canal  and  3,100  feet  of  inverted  siphon.   Its  capacity 
would  be  10  second- feet.   From  Lost  Claim  Forebay,  the  conduit 
would  extend  about  3«1  miles  west  to  a  point  on  Big  Creek  where 
the  water  can  flow  by  natural  channels  into  Burch  Meadow  Reservoir. 
Since  the  selected  alignment  goes  through  an  area  of  light  trees 
and  brush  and  encoimters  no  developments,  the  cost  of  acquisition 
should  be  moderate. 

The  canal  would  have  a  concrete-lined  trapezoidal  sec- 
tion with  a  gradient  of  0.0005  and  a  velocity  of  2.05  feet  per 
second  at  design  capacity.   In  rock,  the  canal  would  have  a  depth 
of  1.5  feet,  a  freeboard  of  0.5  foot,  a  bottom  width  of  2.5  feet, 
and  side  slopes  of  -|:1.  In  common  excavation,  the  canal  would  have 
a  depth  of  1.33  feet,  a  freeboard  of  0.5  feet,  a  bottom  width  of 
1.75  feet,  and  side  slopes  of  1^:1. 

An  inverted  siphon  2,^0  feet  in  length  would  be  re- 
quired to  cross  a  valley  just  south  of  Lost  Claim  Forebay.  Seven 
hundred  feet  of  inverted  siphon  would  be  required  to  cross  State 
Highway  120.   Both  sections  of  the  inverted  siphon  would  be  lU- 
inch  pipe,  supported  by  piers  and  saddles  except  for  the  short 
length  of  cut  and  cover  section  under  the  highway.  The  velocity 
of  flow  at  design  capacity  would  be  10  feet  per  second  and  the 
hydraulic  gradient  would  be  O.OUO. 

Estimated  capital  costs  of  Burch  Meadow  Conduit  are 
summarized  in  Table  27. 
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Burch  Meadow  Reservoir 

Burch  Meadow  damsite  is  located  seven  miles  southeast  of 
Grovelsind  on  Big  Creek,  a  tributajy  of  the  Tuolumne  River.  The 
Smith  Station  Road  crosses  the  axis  of  the  dam  2,000  feet  from 
its  intersection  with  State  Highway  120.  The  site  is  situated 
within  a  small  narrow  canyon  carved  into  the  low  northeast 
trending  Sierra  foothills  by  Big  Creek  just  below  Burch  Meadow. 
The  site  is  located  in  Section  32,  Township  1  South,  Range  17 
East,  MDB&M.  SurficiaJ.  geologic  exploration  indicates  that  the 
site  would  suit  a  dam  of  the  height  considered  in  this  investi- 
gation. Topography  of  this  dam  and  reservoir  site  was  mapped 
at  a  scale  of  150  feet  to  the  inch  and  a  contour  interval  of 
5  feet  by  the  Department  of  Water  Resources.  A  portion  of  this 
map  at  the  damsite  was  enlarged  to  a  scale  of  50  feet  to  the  inch. 

Design  Considerations.  Since  only  surficial  geologic 
exploration  was  \mdertaken  at  this  site  and  since  very  few  out- 
crops of  bedrock  occ\ir  in  this  area,  foundation  problems  may 
exist  which  are  not  now  laiown.  Bedrock  at  the  site  is  composed 
of  interbedded  quartz  biotite  schist,  homfels,  and  related 
metamorphic  rocks  tentatively  assigned  to  the  Calaveras  group. 
The  well-defined  foliation  of  these  rocks  strikes  parallel  to 
the  stream  channel  and  dips  about  Uo°  into  the  left  abutment. 
Both  the  left  and  right  abutments  are  covered  entirely  by  an 
overburden  of  slope  wash  and  residual  soil.  The  l85-foot  channel 
section  has  a  maximum  width  of  20  feet  of  flowing  water  and  is 
covered  almost  completely  by  an  alluvium  consisting  of  subrounded 
to  platy  gravels  intermixed  with  sands  and  fines. 
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Foundation  treatment  of  the  right  abutment  would  con- 
sist of  stripping  all  overburden  and  the  more  fractured  and 
weathered  rock  to  an  average  depth  of  8  feet,  and  extending  to 
an  average  depth  of  13  feet  under  the  cutoff. 

Foundation  treatment  in  the  chajmel  would  consist  of 
removal  of  all  alluvii^m  to  an  average  depth  of  about  8  feet  with 
some  minor  shaping  of  irregularities.  A  small  cutoff  trench 
may  also  be  required. 

Foundation  treatment  of  the  left  abutment  would  consist 
of  stripping  off  the  overburden  and  the  more  fractured  and  weathered 
rock  to  an  average  depth  of  7  feet  under  the  dam  and  to  an  average 
depth  of  10  feet  when  a  cutoff  trench  is  required. 

Moderate  amounts  of  grouting  to  20  or  30  feet  below 
the  foundation  would  be  required  to  reduce  percolation  under  the 
dam. 

Exploration  for  construction  materials  was  limited  to 
surficial  geologic  mapping.  The  following  sources  of  construction 
materials  were  considered: 

Impervious  Fill 

1.  Unlimited  amounts  of  intensely  weathered  Calaveras 
schist  which  has  been  reduced  to  a  micaceous  sandy  silt 
are  available  within  one-half  mile  of  the  axis.  This 
material  is  believed  to  have  little  shearing  strength, 
little  or  no  cohesion,  and  in  general  would  be  a  rather 
poor  construction  material. 

2.  Tertiary  sediments  consisting  of  well-rounded  cob- 
bles, gravel,  sand,  and  fines  are  available  within  one  and  one- 
half  miles  of  the  damsite.   About  75  percent  of  the  coarse 
aggregates  in  the  deposit  are  intensely  weathered.  Based 

on  information  from  other  state  and  federal  agencies, 
extensive  processing  would  be  required  to  produce  satis- 
factory fill  material  from  these  sediments. 

3.  Decomposed  granite  of  suitable  quality  is  avail- 
able in  Big  Oak  Flat  about  ten  miles  away. 
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Rockfm 

Limited  amounts  of  fairly  massive  and  generally 
unweathered  metamorphic  rocks  occur  in  local  outcrops 
within  one  mile  of  the  site.  Excavation  of  this 
material  may  result  in  extensive  waste. 

Concrete  Aggregate 

Concrete  aggregate  is  not  available  locally. 
Tuolumne  River  near  Jacksonvi]J.e  (19  miles  by  State 
Highway  120)  is  the  nearest  likely  source. 


Reservoir.  Estimated  average  annual  natural  runoff  of 
Big  Creek  at  Burch  Meadow  damsite  is  1,700  acre-feet.  The  nmoff 
drains  a  ■vreitershed  of  about  2.65  square  miles.  At  present,  there 
are  no  significant  impairments  to  this  natural  flow.  Putxire 
developments  for  recreation  and  domestic  purposes  will  probably 
be  minor.  In  addition  to  the  natural  runoff  of  Big  Creek  above 
the  Burch  Meadow  damsite,  an  estimated  1,800  acre-feet  annually 
would  be  imported  via  the  Golden  Rock  ditch  from  Harden  Flat  Res- 
ervoir. 

The  Burch  I«feadow  Reservoir  would  inundate  about  188 
acres  of  privately  and  federally  owned  meadow  and  forest  land. 
Improvements  presently  located  within  the  proposed  reservoir  site 
include  a  gasoline  station,  three  large  cabins,  a  home,  and 
several  out-buildings.  Clearing  should  not  be  extensive  since 
most  of  the  reservoir  area  has  been  cleared  for  cattle  grazing. 

Economic  studies  show  that  Burch  Meadow  Reservoir  should 
be  sized  to  provide  maximum  recreational  benefits.  Maximum  recrea- 
tional benefits  accme  when  the  waterline  is  near  the  existing 
tree  line.  Thus,  the  normal  pool  elevation  was  selected  at  3,0^^ 
feet.  This  selection  resiilts  in  a  reservoir  with  a  capacity  of 
3,550  acre- feet. 
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Dam.   Burch  Meadow  Dam  would  be  a  homogeneous  earthfill 
structure  rising  76   feet  from  strearabed  elevation  of  2,9T6  feet, 
with  an  inclined  chimney  drain  and  a  horizontal  do^mstream  blanket 
drain.  The  crest  vrould  be  TOO  feet  in  length  and  30  feet  in  width. 
The  dnm   would  have  a  downstream  slope  of  2-'.:l,  and  upstream  slope  of 
4:1,  and  would  contain  about  276,000  cubic  yards  of  material.   This 
type  dam  \r3.s   selected  as  best  suiting  the  site  after  considering 
the  construction  materials  available.  Plate  B,  entitled  "Burch 
Meadow  Dam  on  Big  Creek,"  shows  the  general  features  of  the  proposed 
dam. 

Spillway.  An  ungated  chute  spillway  with  a  concrete 
ogee  weir  50  feet  in  length  and  a  concrete-lined  chute  would  be 
constructed  on  the  right  abutment.   It  would  be  designed  to  pass 
a  flood  with  a  peal-:  flow  of  U,700  second- feet  which  represents 
the  estimated  maximum  probable  flood.  The  ma>:imum  depth  of  water 
above  the  lip  of  the  spillway  would  be  six  feet;  an  additional 
two  feet  of  freeboard  would  be  provided.   Spilled  water  would  return 
through  a  gully  to  the  main  stream  of  Big  Creek  below  the  toe  of 
the  dam . 

Outlet  VJorks.  Water  for  distribution  to  the  project 
service  areas  would  pass  through  a  36-inch  diameter  reinforced 
concrete  pipe  placed  in  a  trench  excavated  under  the  dam.   Emer- 
gency control  would  be  provided  by  a  three-foot  diameter  slide  gate 
in  the  trash-rack  structure  upstream,  and  regulation  would  be 
provided  by  a  three-foot  butterfly  valve  at  the  exit. 
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A  summary  of  estimated  capital  costs  of  Burch  Meadow 
Reservoir  is  included  in  Table  26,  entitled  "Estimated  Capital  Costs 
of  Harden  Project  Dams  and  Reservoirs." 

Costs  and  Benefits 

The  costs  and  "benefits  of  the  Harden  Project  are  discussed 
in  the  follovri.ng  pages  in  terms  of  average  annual  equivalent,  taxes 
foregone,  and  present  worth. 

The  average  annual  equivalent  is  used  to  establish,  for 
comparative  purposes,  a  uniform  annual  cost  or  benefit  throughout  the 
50-year  repayment  period.  The  average  annual  equivalent  cost  of  the 
Harden  Project  equals  the  annual  cost  of  operation  and  maintenance 
added  to  the  product  of  the  capital  cost  and  a  capital  recovery 
factor  of  0.0^655-   This  particular  capital  recovery  factor  when 
multiplied  by  a  present  debt  gives  the  uniform  annual  end-of- 
year  payment  necessary  to  repay  the  debt  in  50  years  with  interest 
at  four  percent. 

Taxes  lost  when  a  public  rather  than  a  private  agency  develops 
power  are  sometimes  considered  as  taxes  foregone,   '.'ihen  studies  were 
made  under  this  investigation  for  determining  the  economic  justification 
of  a  proposed  hydroelectric  po\7er  development,  taxes  foregone  were 
considered  as  a  project  cost.   The  yearly  amounts  of  taxes  which  would 
have  been  paid  by  a  private  company  are  included  in  this  report  as 
taxes  foregone. 

From  the  vievrpoint  of  the  investor,  the  present  worth 
of  a  future  expenditure  or  series  of  expenditures  is  the  present 
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money  value  necessary  to  secure  the  return  of  that  future  expendi- 
ture with  interest  at  a  given  rate;  in  this  case  four  percent.  The 
present  worth  of  the  operation  and  maintenance  costs  of  the  Harden 
Project  is  the  product  of  the  average  annual  cost  of  operation  and 
maintenance  times  21.1+82  (the  reciprocal  of  the  capital  recovery 
factor) . 

Costs.  For  a  50-year  repayment  period,  the  average 
annual  equivalent  cost  of  the  Harden  Project,  including  taxes 
foregone,  would  be  $1,292,U00.  The  total  economic  cost  of  the 
project  would  be  $27,762,000.  This  cost  represents  the  capital 
cost  plus  the  present  worth  of  operation  and  maintenance  costs 
plus  taxes  foregone. 

Included  in  the  above  costs  are  the  eight  proposed  major 
features  and  the  cost  of  public  recreation  facilities  which  would 
be  built  along  the  shores  of  the  Harden  Project  reservoirs. 

Recreation  facilities  would  be  constructed  in  stages 
planned  to  accommodate  the  predicted  increased  use  during  the 
50-year  repayment  period  of  the  project.  Although  private  recrea- 
tion facilities  probably  would  be  constructed  near  the  proposed 
reservoirs,  the  justification  for  public  investment  is  restricted 
to  those  benefits  derived  from  public  facilicies.  To  encourage 
full  development,  however,  public  funds  would  provide  such  basic 
facilities  as  reservoir  access  roads,  public  campgrounds,  drinking 
water,  and  sanitary  facilities.  In  the  public  interest,  all 
potential  recreation  lands  under  private  ovmership  adjacent  to  the 
reservoir  sites  would  be  purchased.  Use  permits  would  be  obtained 
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for  such  lands  now  under  federal  ownership.  Operational  policies 
would  determine  both  the  administrative  procedures  to  be  followed 
and  the  allocation  of  land  for  private  and  public  use. 

Benefits.  The  Harden  Project  would  produce  domestic 
water,  recreation,  and  power  benefits. 

The  present  worth  of  the  domestic  water  benefits  attribut- 
able to  the  Harden  Project  throughout  the  50-year  repayment  period 
was  estimated  to  be  $700,000.  The  corresponding  average  annual 
equivalent  benefit  was  established  to  be  $32,600. 

The  present  worth  of  the  recreation  benefits  attributable 
to  the  Harden  Project  throughout  the  50-year  repayment  period  was 
estimated  to  be  $19,8^+0,000.  The  corresponding  average  equivalent 
benefit  was  estimated  to  be  $923,600. 

The  present  worth  of  the  power  benefits  attributable  to 
the  Harden  Project  throughout  the  50-year  repayment  period  was 
estimated  to  be  $17,620,000.  The  corresponding  average  annual 
equivalent  benefit  was  estimated  to  be  $820,200. 

In  summary,  the  present  worth  of  domestic,  recreation,  and 
power  benefits  attributable  to  the  Harden  Project  would  total 
$38,160,000.  The  corresponding  total  average  annual  equivalent 
benefit  would  be  $1,776,000. 

Benefit-Cost  Ratio.  The  benefit- cost  ratio  of  the  Harden 
Project  is  estimated  to  be  l.;^7  to  1.  The  Harden  Project  is  thus  justi- 
fiable from  an  economic  standpoint.  Table  30,  entitled  "Harden 
Project  Costs,  Benefits,  and  Benefit-Cost  Ratio,"  summarizes 
estimated  costs  and  benefits  and  presents  the  benefit-cost  ratio 
of  the  project. 
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Payment  Capacity.   Inclusion  of  irrigation  as  a  purpose 
in  the  Harden  Project  under  present  price-cost  conditions  is  not 
economically  justified  since  the  cost  of  incorporating  irrigation 
features  into  the  project  exceeds  the  irrigation  benefits  and  the 
payment  capacity  of  the  lands  to  be  irrigated.  The  amount  that 
water  users  would  be  able  to  pay  for  water  delivered  to  their  head- 
gates  in  the  Groveland  Unit  was  .p^+l  per  acre  for  land  planted  to 
orchard  and  S20  per  acre  for  land  used  as  improved  pasture,  with  a 
weighted  average  of  $22.50  per  acre,  or  $6.60  per  acre-foot  of 
water.  No  other  project  was  found  which  could  include  irrigation  as 
an  economically  justified  project  purpose. 

The  Groveland  Project 

The  Groveland  Project  was  found  to  be  sufficiently  inferior 
to  the  Harden  Project  to  justify  its  elimination  from  further  con- 
sideration as  an  immediate  solution  to  the  water  supply  problems  of 
Southern  Tuolumne  Countj'-.  The  Groveland  Project  was  designed  to  serve 
the  same  purposes  as  the  Harden  Project,  but  differs  from  that  project 
in  the  location  of  its  major  storage  reservoir  and  in  the  location  of 
its  powerhouse.  These  changes  result  in  changes  in  the  size  and 
location  of  the  associated  conduits.  The  effects  downstrtain  are  ap- 
proximately the  same  for  both  projects. 

Both  projects  supply  the  same  amount  of  domestic  water  (about 
1,800  acre-feet  annually)  to  the  same  ser^/-ice  area  for  a  benefit  of 
$700,000.  However,  \diere  the  Harden  Project  would  provide  22,000 
installed  kilowatts  and  produce  90,700,000  kilovratt-hours  of  energj-- 
annually,  the  Groveland  Project  would  have  only  l6,100  kilowatts  of 
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inGtalled  capacity  and  produce  only  57,800,000  kilowatt-hours  of 
energy.   This  results  in  a  power  benefit  of  $17,620,000  for  the 
Harden  Project  versus  a  power  benefit  of  $12,320,000  for  the  Groveland 
Project. 

The  Harden  Project  would  attract  people  for  a  total  of 
26.200,000  visitor-days  during  the  50-year  repayment  period.   These 
26.200,000  visitor-days  are  distributed  as  follows:   13,600,000 
visitor-days  to  Burch  Meadow  Dam;  8,600,000  visitor-days  to  Harden  Flat 
Dam;  and  U, 000, 000  visitor-days  to  use  of  cabins.   The  Groveland  Project 
would  have  a  total  of  31,000,000  visitor-days  in  the  same  period.   These 
31,000,000  visitor-days  are  distributed  as  follows:   13,600,000  visitor- 
days  to  Burch  Meadow  Dam;  10,000,000  visitor-days  to  Harden  Diversion; 
3,U00,000  visitor-days  to  Groveland  Dam;  and  U, 000, 000  visitor-days  to 
cabin  use.   This  results  in  a  recreational  benefit  of  $19,8^0,000  for 
the  Harden  Project,  and  $23,137,000  for  the  Groveland  Project. 

With  the  total  cost  of  the  Groveland  Project  at  $31,700,000 
and  its  total  benefits  at  $36,157,000  the  benefit-cost  ratio  for  the 
project  would  be  l.lU  to  1.   This  is  considerably  inferior  to  the  cor- 
responding value  of  the  benefit-cost  ratio  of  1.37  to  1  as  derived  from 
total  costs  of  $27,762,000  and  benefits  of  $38,160, 000  for  the  Harden 
Project. 

Groveland  Project  consists  of  the  following  proposed 


features: 


OMather  Diversion 
°Mather  Ditch 
°Harden  Flat  Diversion 
°Golden  Rock  Ditch 
°Burch  Meadow  Reservoir 
^Groveland  Reservoir 
°G rove land  Ditch 
°Groveland  Forebay 
^Groveland  Powerhouse 
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From  Mather  Diversion  to  Burch  Meadow  Reservoir,  all  of 
the  features  of  the  Groveland  Project  have  their  counterpart  in  the 
Harden  Project.  Mather  Diversion  Dam  and  Mather  Ditch  are  designed 
to  have  the  same  alignment  and  capacity  in  both  projects.  Harden 
Flat  Diversion  of  the  Groveland  Project  would  be  a  small  diversion 
structure  located  at  the  site  of  Harden  Flat  Dam  of  the  Harden 
Project.  The  Golden  Rock  ditch  of  the  Groveland  Project  would 
follow  approximately  the  same  alignment  as  the  Golden  Rock  ditch 
and  Burch  Meadow  Conduit  of  the  Harden  Project.   Since  Harden  Flat 
Diversion  would  provide  little  storage,  Groveland  Project's  Golden 
Rock  ditch  is  designed  to  a  larger  capacity  (220  second-feet) 
than  the  corresponding  conduit  in  the  Harden  Project.   Lost  Claim 
Forebay  and  Lost  Claim  Powerhouse  would  not  be  included  in  the 
Groveland  Project.  Burch  Meadow  Conduit  of  the  Harden  Project  would 
become  an  extension  of  the  Golden  Rock  ditch  with  a  capacity  of  220 
second-feet  in  the  Groveland  Project.  Burch  Meadow  Reservoir  would 
be  the  same  for  either  project. 

The  major  storage  reservoir  of  the  Groveland  Project  is 
Groveland  Reservoir.  The  kO,000   acre-foot  reservoir  would  be  formed 
by  a  modified  homogeneous  dam  rising  210  feet  from  the  streambed 
elevation  of  2,4Uo  feet  on  Big  Creek  in  the  northeast  quarter  of 
Section  15,  Township  1  South,  Range  l6  East,  MDB&M.  The  dam  would 
have  a  crest  length  of  TTO  feet,  a  width  of  30  feet,  and  slopes  of 
2^:1  downstream  and  U:l  upstream.   The  dam  would  contain  2,500,000 
cubic  yards  of  earth.   The  spillway  would  be  an  ungated  chute  with 
an  ogee  weir  200  feet  in  length  constructed  in  the  saddle  to  the  left 
of  the  dam.   At  a  normal  pool  elevation  of  2,635  feet,  the  reservoir 
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would  inundate  one  ranch  headquarters  and  about  y(0   acres  of  privately 
owned  cattle  grazing  land. 

The  Groveland  ditch  would  extend  in  a  northwesterly 
direction  5  r'liles  from  Groveland  Reservoir  to  Groveland  Forebay. 
The  conduit,  passing  through  an  area  of  scattered  brush  and  trees, 
would  consist  of  19,000  feet  of  open  trapezoidal  canal  and  TjOOO 
feet  of  semicircular  fluine.   The  design  capacity  of  the  conduit 
would  be  170  second- feet, 

Groveland  Forebay  would  be  formed  by  enlarging  Groveland 
ditch  to  a  bottom  width  of  50  feet  and  a  depth  of  15  feet  for  the 
last  one-half  mile.   This  results  in  approximately  55  acre-feet 
of  storage  which  is  sufficient  to  supply  water  m  cat^e  of  a  t^udden 
power  demand  until  water  could  be  supplied  from  Groveland  Reservoir. 

Groveland  Powerhouse  would  consist  of  a  single  unit 
with  an  installed  capacity  of  l6,100  kilowatts  operating  with  a 
static  head  of  1,500  feet.   The  penstock  supplying  the  plant  viould 
be  3>^50  feet  in  length  and  would  vary  in  diameter  from  5^  inches 
at  the  inlet  to  k2   inches  at  the  powerplant. 
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CHAPTER  VI.  SUIWARY,    CONCLUSIONS, 
AI\ro  RECOM.ffiNDATIONS 

The  econor.iy  of  Southern  Tuolu.iine  County  has  to 
sonie  extent  been  retarded  for  want  of  water  supplies. 
The  basic  objective  of  the  Southern  Tuolumne  County 
investigation  was  to  formulate  plans  for  the  develop- 
ment of  water  supplies  for  all  beneficial  uses  con- 
sidered, including  irrigation,  domestic,  recreation, 
fish  and  wildlife,  and  production  of  hydroelectric 
power.   A  plan  is  presented  for  an  economically 
justified  project  which  could  supply  the  domestic 
water  requirements  of  Southern  Tuolumne  County  and 
could  develop  the  hydroelectric  and  recreation 
potential  of  the  area.   The  inclusion  of  irrigation 
as  a  project  purpose  proved  to  be  economically  in- 
feasible. 


Summary 

The  area  of  the  investigation  is  located  in  the  south- 
ern portion  of  Tuolumne  County  on  the  west  slope  of  the  central 
Sierra  Nevada.   It  ranges  in  elevation  from  about  300  feet  in  the 
foothill  areas  just  above  the  San  Joaquin  Valley  floor  to  about 
13.000  feet  at  the  crest  of  the  Sierra  Nevada.   Of  the  1,462,900 
acres  within  Tuolu;-,ine  County,  about  172,620  acres  are  within  the 
Southern  Tuolumne  area.   The  area  is  drained  by  a  portion  of  the 
Tuolumne  River  system. 

Precipitation  and  climate  vary  greatly  within  Southern 
Tuolumne  County.   Mean  annual  depth  of  precipitation  varies  from 
about  18  inches  in  the  lowlands,  to  3^  inches  in  the  Groveland 
area,  and  5^  inches  at  the  crest  of  t  ;e  SJ erra  Nevada.   The  lowlands 
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e:cperience  hot  dry  summers  and  mild  winters.  The  central  area 
of  Southern  Tuolumne  County  exjieriences  moderate  summers  axid  cool 
winters.  Above  an  elevation  of  about  5,000  feet,  winters  are 
long  and  usually  severe;  snowfall  is  heavy.  Practically  all 
precipitation  occurs  between  October  and  April,  inclusive. 

The  economy  of  Southern  Tuolumne  County  is  based  primar- 
ily on  recreation,  agriculture,  and  lumbering.   Also  of  importance 
is  the  production  of  hydroelectric  power.  These  activities  probably 
will  continue  into  the  future  as  the  dominant  features  of  the 
economy  of  the  area,  with  recreation  continuing  to  have  the  great- 
est potential  for  growth. 

The  principal  area  within  Southern  Tuolumne  County  which 
would  benefit  from  development  of  the  waters  of  the  Tuolumne  River 
consists  of  the  potential  urban,  suburban,  and  recreation  lands  in 
the  Groveland  and  upper  Moccasin  Units.  Additional  benefits 
would  result  from  recreation  developments  constructed  near  project 
reservoirs. 

Runoff  from  the  Tuolumne  River  Basin  is  derived  for  the 
most  part  from  melting  snow.  Pealv  streamflows,  therefore,  occur 
in  the  spring  and  early  summer  months.  These  flows  vary  greatly, 
not  only  within  the  year,  but  also  from  year  to  year. 

Waters  originating  in  the  area  have  been  developed  ex- 
tensively for  use  in  the  San  Joaquin  Valley  and  in  the  San  Francisco 
Bay  Area.  During  the  late  winter  and  spring  in  most  years,  flows 
are  available  which,  if  properly  controlled  and  distributed,  could 
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meet  the  year  2020  water  requirements  of  Southern  Tuolumne  County 
for  domestic  and  recreation  uses. 

Estimates  of  average  annual  consumptive  use  of  applied 
water  and  average  annual  water  requirements  within  the  area  in 
the  year  2020  and  at  estimated  maximum  conditions  of  development 
eire  presented  in  Table  31.  These  estimates  are  based  on  the 
assumption  that  water  will  be  available  at  a  price  within  the 
ability  of  the  user  to  pay. 

Plans  for  conserving  the  waters  of  the  Tuoliunne  River 
Basin  represent  part  of  a  basin-wide  master  plan.  Under  the  basin- 
wide  plan,  water  would  be  developed  for  all  beneficial  purposes. 
Consideration  was  given  first,  however,  to  developments  that  would 
supply  the  consumptive  water  needs  of  Tuolumne  County.  Second, 
consideration  was  given  to  developing  water  for  nonconsumptive 
purposes. 

TABLE  31 

ESTIMATED  RJTURE  AVERAGE  ANNUAL  CONSUMPTIVE  USE  OF 

APPLIED  ViATER  AND  AVERAGE  ANNUAL  WATER  DELIVERY  REQUIREMENTS 

WITHIN  SOUTHERN  TUOLUMNE  COUNTY* 

(in  acre-feet  per  year) 


Use 


In  year  2020 :  Estimated  maximum  needs 


Consump-  :Water  delivery:  Consump-  :Water  delivery 
tive  use  :  requirements  :  tive  use  :  requirements 


Irrigation 

10,000 

Domestic  and 

recreation 

l,iiO0 

15,300  17,700  27,700 

2,500  l,toO  2,500 

TOTALS    ll,iK)0        17,800  19,100  30,200 

*  Assumes  a  water  supply  available  at  a  cost  within  the  ability  of 
the  users  to  pay. 
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Two  alternative  plans  were  considered  for  developing 
the  waters  of  the  Tuoliirane  River  Basin  for  use  within  Southern 
Tuolumne  County.  These  plans  are  the  Harden  and  Groveland  Projects. 
These  projects,  in  addition  to  supplying  water  for  consumptive  use, 
would  produce  substantial  amounts  of  hydroelectric  energy  and  vrauld 
increase  the  recreation  potential  of  the  area.  A  summary  of  the 
accomplishments  of  the  Harden  and  Groveland  projects  is  presented 
in  Table  32.  A  summary  of  the  benefits,  costs,  and  benefit-cost 
ratios  of  the  Harden  and  Groveland  projects  is  presented  in  Table  33. 

TABLE  32 

accoJ'Iplishmehts  of  the  harden  project 
and  the  groveland  project 


Project 


Water 


Power 


Recreation 


supply  :  Capacity  : Energy,  kilo-: Visitor-days 
acre-feet: kilowatts  :  watt  hours  :  in  50-year 
'. :  per  year   :   period 


Harden  Project     1,800 

Groveland 

Project        1,800 


22,000    90,700,00 


26,200,00 


16,100    57,800,00     31,000,000 


TABLE  33 

BENEFITS,  COSTS,  AND  BENEFIT- COST  RATIOS  FOR 
THE  HARDEN  PROJECT  AND  THE  GROVELAND  PROJECT 


Item 


Harden  Project 


Groveland  Project 


Total  cost 

Benefits 

Domestic  water 

Power 

Recreation 

TOTAL 

Benefit-cost  ratio 


$27,762,000 


700,000 
17,620,000 
19,8to,000 

$38,160,000 

1.37 


$31,700,000 

700,000 
12,320,000 
23,137,000 

$36,157,000 

l.lU 
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Conclusions 
From  analyses  of  data  developed  for  the  Southern 
Tuolumne  County  Investigation,  the  follo^^rLng  conclusions  have 
been  reached. 

1.  The  principal  source  of  water  for  use  within  the 
area  at  present  is  from  development  of  limited  ground  water  re- 
sources. 

2.  Present  water  deliveries  are  about  kX)  acre-feet 
annually.  Of  this  amount,  about  6o  percent  is  utilized  for 
irrigation  and  Uo  percent  for  domestic  purposes. 

3.  Under  conditions  of  development  anticipated  for 
year  2020,  if  water  is  made  available  at  a  cost  within  the  users' 
ability  to  pay,  it  is  estimated  that  the  annual  water  delivery 
requirements  irithin  the  area  would  be  about  17,800  acre-feet. 
Under  maximum  conditions  of  development  the  estimated  annual  water 
delivery  requirement  within  the  area  would  amount  to  about  30,200 
acre -feet. 

k.     The  surface  waters  of  the  area  are  of  excellent 
mineral  quality  suitable  for  all  beneficial  uses. 

5.  An  estimated  11,090  net  acres  within  the  area  are 
irrigable.  Of  this  amount,  about  TO  acres  presently  are  irrigated. 
An  estimated  U,800  acres  would  be  irrigated  by  the  year  2020  if 
water  can  be  made  available  at  a  cost  within  the  users'  ability 

to  pay. 

6.  The  estimated  present  average  annual  consumptive 
use  of  applied  water  within  the  area  is  250  acre-feet.  Of  this 
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amoiint,  about  90  acre-feet  axe   used  for  domestic  and  recreation 
purposes  and  l6o  acre-feet  for  agricultural  purposes. 

7.  Estimated  average  annual  consumptive  use  of  applied 
water  vrithin  the   area  in  the  year  2020  would  be  about  11,U00  acre- 
feet,  if  water  were  made  available  at  a  cost  within  the  users' 
ability  to  pay. 

8.  Conservation  of  surface  runoff  in  major  storage 
reservoirs  is  the  most  favorable  long-term  solution  to  providing 
substantial  quantities  of  new  water  for  use  within  the  area. 
Water  delivery  requirements  in  the  near  future,  however,  could 
be  met  by  possible  increased  use  of  ground  water  or  by  piirchase 
of  water  from  the  Hetch  Hetchy  Aqueduct. 

9.  The  Harden  Project,  one  of  two  alternatives,  in- 
volves major  storage  for  supplying  water  to  Southern  Tuolumne 
County,  and  would  provide  about  1,800  acre-feet  of  water  annually 
which,  when  combined  with  the  water  available  from  existing  local 
developments,  would  meet  the  estimated  requirements  of  the  area 
for  domestic  uses  in  the  year  2020.   It  would  produce  an  average 
of  about  91,000,000  kilowatt -hours  of  hydroelectric  energy  per 
year.   It  would  help  maintain  streamflows  of  the  Tuolumne  River 
and  would  provide  new  recreation  opportunities  and  facilities 
needed  to  accommodate  26,200,000  visitors  over  the  50-year  repay- 
ment period.  The  Harden  Project  would  have  a  benefit-cost  ratio 
of  about  1.37:1.  The  Harden  Project  does  not  include  irrigation 
as  a  project  purpose. 

10.  The  Grovelajid  Project,  an  alternative  to  the  Harden 
Project,  would  provide  about  1,800  acre-feet  of  water  annually 
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which,  vhen  combined  with  the  water  available  from  existing  local 
developments,  would  meet  the  estimated  requirements  of  the  area 
for  domestic  uses.  It  would  produce  an  average  of  about  57,800,000 
kilowatt-hours  of  hydroelectric  energy  per  year.  It  would  help 
maintain  streamflows  of  the  Tuolumne  River  and  would  provide  new 
recreation  opportunities  and  facilities  to  accommodate  31,900,000 
visitors  over  the  50-year  repa^onent  period.  The  Groveland  Project 
would  have  a  benefit-cost  ratio  of  about  l.li+:l.  The  Groveland 
Project  does  not  include  irrigation  as  a  project  purpose. 

11.  The  Groveland  Project  is  sufficiently  inferior  to 
the  Harden  Project  to  justify  its  elimination  from  further  con- 
sideration as  a  solution  to  the  water  supply  problems  of  Southern 
Tuolumne  County. 

12.  Both  the  Harden  and  Groveland  Projects  would  deplete 
the  flow  of  the  Tuolumne  River  at  Don  Pedro  Reservoir  by  about 
2,^400  acre-feet  annually  by  the  end  of  the  50-year  project  repay- 
ment period. 

13.  Studies  indicate  that  the  costs  of  distributing 
irrigation  water  wotild  exceed  the  ability  of  the  users  to  pay. 
Thus,  irrigation  was  not  included  as  a  project  purpose  in  either 
the  Harden  or  Groveland  Project. 

Recommendations 

It  is  recommended  that: 

1.  This  bulletin  be  used  as  a  guide  for  future  develop- 
ment of  irrigation,  domestic,  and  recreation  water  supplies  from 
the  Tuolumne  River  Basin;  and  further,  that  the  plans  presented 
in  this  bulletin  be  reviewed  periodically  and  revised  to  meet  the 
changing  patterns  of  land  and  water  use. 
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2.  Public  districts  endowed  with  appropriate  pov/ers 
be  created  to  proceed  with  moi'c  detailed  ntudiis  to  formulate  a 
basin-iridc  plan  for  solution  of  local  water  problems,  and  provide 
for  tne  recreation  potentials  of  Southern  Tuolujim:;  County. 

3.  Such,  studies  should  include:   (a)  consideration 
of  the  Harden  Project;  (b)  development  of  the  tertiar-y  gravel 
ground  water  basin  as  a  single -purpose  domestic  water  supply; 
and  (c)  determination  of  benefits  that  would  accrue  to  the  Harden 
Project,  when  financial  assistance  available  to  public  agencies, 
as  provided  for  by  the  Davis-Grun5h.;>^  Act  (Sections  I28SO-I289I.I 
inclusive  of  Chapter  5,  Part  6,  Division  6,    of  the  V/ater  Code), 
is  considered. 

h.      If  projects  are  found  to  be  econom.ically  justified 
and  financially  feasible,  the  proposed  districts  proceed  with 
the  financing,  construction,  operation,  and  full  development  of 
these  projects. 

5.   South.ern  Tuolumne  County  continue  to  make  a  concerted 
effort  to  partipate  jointly  with  other  water  sei^vice  agencies  in 
furtherance  of  the  development  of  the  Tuolumne  Rive^^'  Basin. 
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Agreement  No.  l60022 


COOPERATIVE  AGREEMENT 

BET¥E2nN  THE  STATE  OF  CALIFORNIA, 
DEPARTMENT  OF  WATER  RESOUECES, 
AND  TUOLUMNE  COUNTY 


This  agreement,  made  ajid  entered  into  as  of  the  first 
day  of  July,  1958,  by  and  between  the  State  of  California,  acting 
by  and  through  its  Department  of  Water  Resoiirces,  hereinafter 
referred  to  as  the  "State",  and  the  County  of  Tuolumne,  herein- 
after referred  to  as  the  "County" : 

WITNESSETH 

WHEREAS,  by  Article  5,  Chapter  1,  Part  6,  Division  6, 
of  the  Water  Code  of  the  State  of  California,  the  State  is  author- 
ized to  conduct  investigations  of  the  water  resources  of  the 
State,  formulate  plans  for  the  control,  conservation,  protection, 
and  utilization  of  such  water  resources,  including  solutions  for 
the  water  problems  of  each  portion  of  the  State  as  deemed  ex- 
pedient and  economically  feasible,  and  may  render  reports  thereon; 
and 

WHEREAS,  by  Article  h,   Chapter  1,  Part  6,  Division  6, 
of  the  V/ater  Code  of  the  State  of  California,  the  State  is  author- 
ized to  cooperate  with  any  county,  city,  state  agency,  or  public 
district  on  flood  control  and  other  water  problems  and  when  re- 
quested by  any  thereof  may  enter  into  a  cooperative  agreement 
to  expend  money  on  behalf  of  any  thereof  to  accomplish  the  pur- 
poses of  Chapters  1  and  2  of  this  part;  and 
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WHEREAS,  the  County  has  requested  the  State  to  make  a  coopera- 
tive investigation  and  report  on  a  study  by  the  State  to  determine 
the  amount  of  water,  if  any,  available  for  development  and  use 
in  the  southern  part  of  the  county. 

WOW,  THEREFORE,  it  is  mutually  agreed,  subject  to  the 
availability  of  funds,  as  follows: 

(1)  The  State  shall  perform  the  work  provided  for  by 
this  agreement  and  shall  prepare  the  report  and  otherwise  advise 
and  assist  in  formulating  solutions  to  the  water  problems  of  the 
area. 

(2)  The  work  program  shall  be  set  forth  in  the  attach- 
ment marked  "Exhibit  A"  and  incorporated  herein  by  reference. 

(3)  The  County  shall  contribute  $9,000  which  shall 
be  transmitted  to  the  State  prior  to  commencement  of  the  work. 

{h)      The  State  shall  contribute  $9,000  from  funds 
appropriated  to  the  Department  of  Water  Resources  by  the  Budget 
Act  of  1958. 

(5)  Funds  contributed  by  the  parties  shall  be  deposited 
in  the  Water  Resources  Revolving  Fund  in  the  State  Treasury  for 
expenditure  by  the  State  in  performance  of  the  work  provided  for 
in  this  agreement. 

(6)  The  State  shall  under  no  circumstances  be  obligated 
to  expend  for  or  on  account  of  the  work  provided  for  under  this 
agreement  any  amount  in  excess  of  the  funds  made  available  here- 
under. 

(7)  A  statement  of  expenditures  for  each  fiscal  year 
beginning  July  1  and  ending  June  30?  shall  be  furnished  the 
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County  by  the  State  as  soon  as  practicable  after  the  close  of 
the  fiscal  year. 

(8)  Upon  completion  and  final  payment  for  the  work 
provided  in  this  agreement,  the  State  shall  furnish  to  the  County 
a  statement  of  expenditures  made  under  this  agreement.  Any 
unexpended  balance  of  the  total  amount  of  the  agreement  shall 
be  returned  to  the  State  and  to  the  County  in  equal  amounts. 

IN  WITNESS  THEREOF,  the  parties  hereto  have  executed 
this  agreement. 


Approved  as  to  Form  and 
Procedure 


COUNTY  OF  TUOLUMNE 


/s/  Scott  K.  Carter 

Attorney,  County  of  Tuolumne 


By    /s/  Carl  K.  Williams 

Chainnan,  Board  of  Supervisors 


Approved  as  to  Form  and 
Procedure 


State  of  California 
Department  of  Water  Resources 

HARVEY  0.  BANKS 

Director  of  Water  Resources 


/s/  Mark  C.  Nosier 

Chief  Counsel,  Department  of 
Water  Resources 


By   /s/  Paul  L.  Barnes 


Paul  L.  Barnes,  Chief 
Division  of  Administration 


Approved  -  Department  of 
Finance 
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EXHIBIT  A 

EXTRACT  FROM 

PRELIMINARY  REPORT 

ON  TIE 

WATER  RESOURCES  AND  WATER  PROBLEMS 

IN  SOUTHERN  TUOUJMNE  COUNTY 


Proposed  V/ork  Program 

The  proposed  investigation  would  cover  a  period  of  two 
years.   The  work  of  the  first  year  would  include  the  collection 
and  analysis  of  basic  data  and  the  formulation  of  a  plan  for 
vrater  development.   Final  evaluation  of  the  plan,  selection  of 
a  unit,  or  units  for  initial  development,  and  the  preparation 
and  publication  of  a  report  of  investigation  would  be  accomplished 
during  the  second  year. 

The  vrork  program  would  include  the  following: 

1.  Hydrologic  studies  to  estimate  the  available  streajn 
flov;  and  availabi].ity  of  surplus  water  at  proposed  dam  sites. 
These  studies  would  include  the  most  recent  stream  flow  records 
and  would  consider  existing  projects  and  proposed  nrojects  by 
other  agencies.   From  these  studies,  the  new  yield  of  water  credit- 
able to  proposed  projects  under  this  investigation  would  be  esti- 
mated, and  its  effect  on  existing  development  would  be  evaluated. 

2.  A  land  classification  survey  covering  about 
136,000  acres.  Tliese  lands  are  located  south  of  the  Middle  Fork 
and  the  main  stream  of  the  Tuolumne  River.  They  extend  from 
the  Steinislaus  County  line  on  the  west  to  Yosemite  National  Park 
on  the  east . 
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3.  An  economic  study  of  the  area,  to  include  lands  in 
the  National  Forest  that  have  residential  axid  recreational  poten- 
tial. The  results  of  this  study  would  indicate  the  size  and 
type  of  development  to  be  planned,  and  the  ability  of  water  users 
to  repay  the  costs  of  water  supply  development. 

k.     Plans  for  enhancement  of  stream  flows  for  fish  and 
wildlife,  and  for  recreational  development.  This  would  include 
planning  and  design  of  features  devoted  specifically  to  these 
purposes,  as  well  as  incorporating  these  features  in  projects 
designed  primarily  for  water  supply  and  hydroelectric  power  devel- 
opment . 

5.  Geologic  investigations  of  dam  sites  and  conduit 
routes.  Core  drilling  would  be  conducted  at  sites  chosen  for 
subsequent  detailed  study.  Mapping  and  testing  of  material 
suitable  for  construction  purposes  would  be  made. 

6.  Preparation  of  detailed  maps  and  surveys  to  sup- 
plement existing  surveys,  as  required,  to  properly  evaluate 
project  costs. 

7.  Hydroelectric  studies  to  determine  revenue-producing 
projects  which  could  be  integrated  \rith   irrigation  projects. 

8.  Forroulation  of  a  plan  of  development  for  the  area 
and  determination  of  features,  with  possible  alternatives,  which 
could  best  serve  the  area  as  an  initial  project.  The  recom- 
mended initial  project  would  be  required  to  have  engineering 
feasibility  and  economic  justification.  Further  detail  studies 
and  design  would  be  required  to  determine  financial  feasibility. 
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9.  Completion  of  estimates  of  costs  of  all  structures. 
The  report  would  contain  the  data  and  results  of  the  investigation 
and,  if  found  justifiable,  it  would  include  a  proposed  initial 
plsin  of  water  resources  development  for  the  area.  It  would  include 
a  description  of  works  and  a  preliminary  estimate  of  their  costs 
and  benefits. 

Cost  of  Investigation 

The  cost  of  the  investigation  is  estimated  to  be  $l8,000 
for  the  first  year  and  $18,000  for  the  second  year,  a  total  of 
$36,000  over  the  two-year  period. 

It  is  recommended  that  $36,000  be  financed  coopera- 
tively, \rith   the  State  and  Tuolumne  County  each  bearing  one-half 
of  the  total  cost.  A  portion  of  the  cost  of  the  investigation, 
appropriate  to  general  Department  of  Water  Resources  activities, 
would  be  financed  under  the  California  Water  Developnent  Program. 

The  estimated  cost  to  Tuolumne  County  would  be  $9,000 
for  the  Fiscal  Year  I958-59  and  $9,000  for  the  Fiscal  Year  1959-60, 
a  total  of  $18,000  for  the  two-year  period. 

The  cost  to  the  State  of  California  would  be  $9,000  for 
the  Fiscal  Year  I958-59,  and  $9,000  for  the  Fiscal  Year  1959-60, 
a  total  of  $18,000  for  the  two-year  period. 
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ENDORSED 
FILED 

February  3     1958 
James  G.  White,  Clerk 

NO.  ^1  19  51       58  By  /s/  Carlo  M.  De  Ferrari 

Deputy  Clerk 

RESOLUTION 
of  the  Board  of  Supervisors  of  the  Coiinty  of  Tuolumne 

WHEREAS,  The  Department  of  Water  Resources  of  the  State  of  California  is  proposing 

to  make  a  study  and  investigation  of  the  Water  Resoiirces  and  Water  Problems  in 

Tuolumne  County,  in  cooperation  vith  Tuolumne  County  Water  District  No.  2,  as 

outlined  in  a  preliminary  report  thereon  dated  December,  1957;  and 

WHEREAS,  the  proposed  study  will  not  include  works  for  supplying  water  for  the 

uses  and  requirements  of  that  portion  of  Tuolumne  County  outside  Tuolimine  County 

Water  District  Nos.  1  and  2,  unless  such  additional  study  is  undertaken  in 

cooperation  with  a  local  agency;  and 

WHEREAS,  the  County  of  Tuolumne  may  wish  to  contract  for  cooperation  with  the 

said  State  Department  of  Water  Resources  for  such  additional  study,  but  the 

facts  upon  which  to  base  a  final  determination  of  the  desirability  of  such  a 

contract  are  not  yet  available; 

NOW  THEREFORE,  BE  IT  RESOLVED  BY  THE  BOARD  OF  SUPERVISORS  OF  THE  COUNTY  OF 

TOOLUMNE,  STATE  OF  CALIFORNIA,  As  follows: 

Section  1.  The  Department  of  Water  Resources  is  hereby  respectfully  requested 
to  make  a  preliminary  investigation  and  report  on  a  study  by  said  Department  of 
the  feasibility  of  constructing  the  storage  and  diversion  works  contemplated  by 
the  California  Water  Plan,  or  acceptable  alternatives  thereto,  for  services  to 
the  residents  and  lands  within  that  portion  of  this  co\inty  not  included  within 
Tuoliimne  County  Water  Districts  Nos.  1  and  2;  and  to  include  in  its  said  report 
of  the  preliminary  investigation  an  outline  of  the  scope  of  such  proposed  study, 
including  a  description  of  the  particular  activities  to  be  undertaken;  and  to 
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estimate  the  cost  thereof  on  the  basis  of  cooperation  in  such  an  investigation 
by  this  Coxmty. 

Section  2.   The  Clerk  of  this  Board  is  hereby  directed  to  send  a  certified 
copy  of  this  resolution  to  the  Director  of  the  Department  of  Water  Resources. 

X 


THE  FOREGOING  RESOLUTION  PASSED  AND  ADOPTED  BY  THE  BOARD  OF  SUPERVISORS  OF  THE 
COUNTY  OF  TUOLUMNE,  CALIFORNIA,  ON  THIS   3rd   DAY  OF    February      19  38 


Ayes; 


Adelbert  A.  Hicholls 


Noes : 


None 


Supervisor  1st  District 
Frank  J.  Dondero 

Supervisor  2nd  District 
Carl  K.  Williams 

Supervisor  3^^  District 
Ralph  P.  Thiel 

Supervisor  i+th  District 


Absent ; 


Clarence  A.  Kerr 


Supervisor  5th  District 


Supervisor 

District 

Supervisor 

District 

Supervisor 

District 

None 

Supervisor 

District 

Supervisor 


District 


Carl  K.  Williams 


CHAIRMAN  OF  THE  BOARD  OF  SUPERVISORS 
COUNTY  OF  TUOLLFMNE,  STATE  OF  CALIFORNIA 


ATTEST;  JAMES  G.  WHITE,  CLERK 
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REGIONAL  GEOLOGY 
SOUTHERN  TUOLUMNE  COUNTY 

Introduction 

Evaluation  of  geologic  factors  is  essential  in  the 
preparation  of  plans,  designs,  and  cost  estimates  of  engineering 
projects.  Geologic  factors  which  must  be  considered  include 
topography,  foundation  conditions,  and  the  location  and  types 
of  native  materials  available  for  construction. 

This  appendix  on  the  regional  geology  of  the  Southern 
Tuolumne  County  area  has  been  prepared  to  provide  geologic  infor- 
mation which  would  aid  in  preparing  surface  water  development 
plans  in  the  area.  The  subject  is  discussed  under  the  following 
headings:  Geomorphology,  Areal  Geology,  Seismicity,  and  Engineering 
Geology.  More  specific  reports  on  the  geology  of  project  features 
have  been  prepared  and  are  available  in  the  files  of  the  Department 
of  Water  Resources. 

Previous  Work  and  Acknowledgments 

Most  of  the  data  presented  on  engineering  geology  are 
based  on  field  investigations  by  Department  of  Water  Resources 
personnel;  the  information  presented  on  geomorphology,  areal 
geology,  and  seismicity  is  based  largely  on  data  obtained  from 
various  published  and  unpublished  geologic  reports.  A  bibliog- 
raphy of  published  and  unpublished  reports  utilized  is  presented 
at  the  end  of  this  appendix. 
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Scope  of  the  Investigation 

Geologic  studies  in  the  Southern  Tuolumne  County  area 
have  included  study  of  geologic  formations  with  particular 
emphasis  on  the  sites  of  proposed  structures. 

Possible  units  of  water  development  projects  in  the 
Southern  Tuolumne  County  ai-ea  were  treated  in  as  much  detail 
as  finances  and  time  allowed.  These  possible  units  are:   the 
Mather  diversion  and  conduit,  Carl  Inn  Darasite,  Groveland  Damsite, 
and  Groveland  Conduit  and  Powerplant. 

The  objective  of  the  geologic  investigation  of  damsites 
and  other  hydraiilic  engineering  structures  in  the  Southern  Tuolumne 
County  area  was  to  ascertain  foundation  conditions  and  availability 
of  construction  materials  for  the  proposed  structures.  The  geo- 
logic investigation  included  surface  geologic  mapping  of  dam  and 
resei-voir  sites  and  conduit  routes,  preliminary  foundation  drilling, 
collection  of  soil  samples  to  determine  the  properties  of  avail- 
able materials,  and  determination  of  quantities  of  available 
materials.  In  studying  the  sites,  emphasis  was  placed  on  the 
determination  of  rock  types,  degree  of  weathering,  patterns  of 
jointing,  the  nature  and  extent  of  shear  zones  and  the  engineering 
properties  of  foundation  materials.  The  investigations  varied 
from  preliminary  reconnaissance  of  surficial  geologic  features 
at  some  sites  to  subsurface  exploration  at  other  sites.  The  sum- 
mary geology  reports,  which  are  available  in  the  files  of  the 
Department  of  V/ater  Resources,  indicate  the  exploratory  methods 
used  at  each  site. 
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The  axeal  geology  of  the  Southern  Tuolumne  County- 
area  is  shown  on  Plate  B-1,  "Regional  Geology."  The  engineer- 
ing properties  of  each  lithologic  unit  are  summarized  in 
Table  B-1. 

Geomorphology 

The  Southern  Tuolumne  County  area  is  situated  on  the 
gently  westvBj-d  dipping  slope  of  the  Sierra  Nevada  geomorphic 
province.  This  province  is  approximately  ^+30  miles  long  and 
varies  from  kO   to  80  miles  in  width.  The  Sierra  Nevada  has  been 
described  as  an  immense,  tilted  fault  block  which  ranges  in 
elevation  from  near  sea  level  along  its  western  edge  to  a  maxi- 
mum height  of  1^,496  feet  at  Mount  Whitney.  In  cross  section 
the  Sierra  has  a  gentle  westward  slope  averaging  about  2°  and 
an  abrupt  eastern  scarp.  The  eastern  scarp  owes  its  relief  to 
the  recency  of  the  down  faulting  of  the  fault  blocks  to  the  east 
of  the  Sierra  and  the  associated  uplifting  of  the  main  Sierran 
block.  Elevations  in  the  Southern  Tuolumne  County  area  range 
from  less  than  3OO  feet  near  the  western  border  to  6,037  feet 
on  Crocker  Ridge  located  to  the  east,  near  the  western  boundary  of 
Yosemite  Park. 

The  Sierra  Nevada  province  is  composed  of  a  bedrock 
complex  of  intrusive  igneous  and  metamorphic  rocks  which  locally 
are  unconformably  overlain  by  Tertiary  volcanic  and  sedimentary 
rocks.  The  geologic  history  of  the  area  is  long  and  complex. 


B-5 


T  c  story  of  mountain  building  began  late  in  Jurassic  time,  aboiit 
1?0  million  years  ago,  when  a  great  geosynclinal  trough  vas  com- 
pressed and  initially  uplifted.   During  this  uplift  great  stresses 
were  exerted  upon  the  rocks  and  they  became  folded,  broken, 
crusiied,  and  metamoi-phosed.  Tiiis  period  of  stress  and  uplift  was 
accompanied  by  a  great  amount  of  igneous  activity  deep  within  the 
earth.  This  igneous  activity  resulted  in  the  formation  of  the 
Sierran  bathoDith  and  the  metamorphism  of  many  older  sediments.  The 
batholith  is  composed  of  granitic  rock^  principally  granodiorite, 
quartz  mon"onite,  quartz  diorite,  and  true  granite;  but  it  also 
includes  some  basic  intrusive  igneous  rocks  such  as  gabbro.   This 
period  of  igneous  and  metamorphic  activity  is  believed  to  have 
ended  by  I^te  Cretaceous  time.  The  ancestral  Sierra  Nevada  had 
peaks  which  may  have  reached  6,000  or  7,000  feet  in  elevation.   By 
the  start  of  the  Cenosoic  era  the  mountains  had  been  worn  do^m, 
and  the  region  as  a  whole  had  been  reduced  to  a  lowland.  Renewed 
uplift  of  the  mountain  range  began  during  the  Eocene  epoch.   By 
Miocene  time,  the  range  had  attained  elevations  of  5,000  to  6,000 
feet  and  had  developed  a  post  mature  topography.   In  general,  the 
relief  v/as  fairly  low.   In  mid-Miocene  time,  volcanic  activity 
began  along  the  Sierran  crest .   During  the  first  stage  of  vol- 
canism,  rhyolite  tuff  and  associated  volcanic  rocks  were  deposited 
over  vast  areas  of  the  Sierra  Nevada,   This  volcanism  was  associ- 
ated with  or  was  closely  followed  by  additional  uplift  of  the 
Sierra  Nevada,   One  consequence  of  this  latter  uplift  was  a  period 
of  rap:'d  erosion  during  '/riiich  the  strearis  beca:ne  deeply  incjseti 
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into  the  bedrock  co'nplex.   During  this  period  of  erosjon,  ;:i\jch 
of  the  rhyolitic  volcanj c  rock  was  stripped  frora  the  area.   During 
a  later  stage  of  volcanism,  which  began  in  the  middle  Miocene  Age 
and  continued  through  raid-Pliocene  ti'ne,  huge  quantities  of  andesi- 
tic  and  latitic  volcanic  debris  poured  out  over  the  entire  area. 
The  volcanic  n-iaterials  choked  irany  of  the  streaTis  and  forced  them 
into  nev;  channels.   Tiiese  volcanic  deposits  may  have  attained  a 
thickness  of  5. '^00  feet  or  more.   Faulting  near  the  Sierran  crest  cc- 
coiiipanied  the  volcanic  activity  and  resulted  in  renewed  uplift  of 
the  Sierra  Nevada.   This  uplift  was  followed  by  a  short  period  of 
relative  quiescence  during  late  Pliocene  time.   The  close  of  the 
Tertiary  period  was  marked  by  vigorous  resumption  of  tectonic 
activity,  and  the  range  '^s  further  uplifted  to  its  present  eleva- 
tion.  During  the  Pleistocene  epoch,  snow  and  ice  accumulated  in 
the  higher  mountains  and  resulted  in  the  formation  of  many  slow 
moving  glaciers.   T'lese  glaciers  greatly  modified  the  topography 
by  cutting  huge  U-shaped  valleys  (e.  g,  Yosemite  Valley)  and 
by  depositing  moraines.   At  the  present  time,  several  small  gla- 
ciers still  exist  in  the  high  mountain  area  east  of  Yosemite  Valley. 

Areal  Geology 
Two  major  subdivisions  of  the  Sierra  Nevada  geomorphic 
province  are  present  in  the  investigational  area.  These  are: 
(l)  a  foothill  subdivision  largely  underlain  by  metamorphic  rocks, 
and  (2)  the  High  Sierra  subdivision  which  is  underlain  principally 
by  granitic  rocks. 

The  foothill  subdivision  is  confined  to  the  western 
three-quarters  of  the  area  where  metamorphic  rocks  form  a 
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relatively  broad  northwest-trending  belt  of  tight  isoclinal  folds. 
These  folds  locally  were  intruded  by  Mesozoic  plutonic  rocks  which 
range  from  granite  to  peridotite  in  composition  and  are  capped 
locally  by  mid-  and  late-Tertiary  volcanic  rocks.  A  northwest- 
trending  foothill  faiilt  system  cuts  through  the  metaraorphic  rocks 
bringing  Jurassic  rocks  and  Paleozoic  rocks  into  juxtaposition. 
The  fault  system  varies  in  width  from  less  than  one  mile  to  over 
three  miles  along  its  120-mile  length.   Quartz  veins  and  the  Mother 
Lode  mineral  deposits  ajre  associated  with  this  fault  system. 

The  High  Sierra  subdivision  includes  the  eastern  quarter 
of  the  Southern  Tuolijmne  area.  It  is  underlain  primarily  by 
rocks  of  the  granitic  intrusive  complex  but  also  includes  small 
areas  of  metamorphic  rocks.  Tertiary  volcanic  rocks  and  Pleisto- 
cene glacial  debris  locally  blanket  the  bedrock  complex. 

Bedrock  Series 

The  bedrock  series  consists  of  the  Calaveras  and  Amador 
groups  of  metamorphic  rocks  and  the  granitic  and  basic  intrusives 
which  comprise  the  Sierra  batholith. 

Calaveras  Group.  The  oldest  rocks  exposed  in  the  investi- 
gational area  have  been  assigned  to  the  Calaveras  group  of  Paleo- 
zoic age.  This  group  includes  many  different  rock  types  and  is 
the  most  widespread  metamorphic  rock  unit  in  the  area.  Moderately 
to  intensely  metamorphosed  sedimentary  rocks  including  phyllite, 
schist,  chert,  quartzite,  marble,  ajid  tectonic  breccia  comprise 
the  rocks  of  the  Calaveras  group.  These  rocks  have  been  subjected 
to  repeated  folding  and  faulting;  the  resulting  rock  types  and 
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structures  are  so  complex  that  correlation  within  the  group  is 
often  impossible.  Some  fossiliferous  zones  in  the  group  have 
been  so  intensely  altered  that  paileontologic  age  determination 
of  the  units  is  very  difficult.  Most  authorities  agree,  however, 
that  the  rocks  within  the  group  are  probably  Paleozoic  and 
possibly  Carboniferous  in  age. 

Amador  Group.  The  Amador  group  consists  of  three 
formations  which  unconforraably  overlie  the  rocks  of  the  Calaveras 
group.  The  oldest  member  of  the  Amador  group  is  the  Cosiomnes 
formation  of  middle  or  late  Jurassic  age.  It  is  overlain  by  the 
Logtown  Ridge  formation  of  Upper  Jurassic  age.  The  youngest 
formation  of  the  group  is  the  Upper  Jurassic  Mariposa  formation. 
In  general,  the  Amador  group  lies  to  the  west  of  the  Ceilaveras 
group  and  trends  north-northwest  along  the  Sierran  foothills. 
The  Amador  group  may  approach  8,000  feet  in  thickness;  however, 
the  thickness  varies  considerably  from  place  to  place. 

The  Cosiomnes  formation  has  been  recognized  only  recently 
in  geologic  literature  and  consequently  has  not  been  mapped  ex- 
tensively. Previously  it  had  been  included  in  both  the  Logtown 
Ridge  formation  and  in  the  older  Calaveras  group.  In  the  Southern 
Tuolumne  County  area  the  Cosiimnes  formation  was  not  delimited  as 
part  of  this  investigation. 

The  Logtown  Ridge  formation  consists  of  metamorphic 
rocks  derived  principally  from  flow  and  pyroclastic  rocks  of 
augite  andesite  and  augite  basalt  composition.  The  rocks  of  this 
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formation  are  dark  green,  greenish  gray,  or  gray  and  are  classi- 
fied as  greenstones  and  green  schist.  Occasionally,  small  slate 
lenses  are  interbedded  with  the  meta- volcanic  rocks. 

In  the  foothill  belt  of  Southern  Tuolumne  County, 
most  of  the  lyiariposa  formation  consists  of  black  to  dark- gray 
slates.  Minor  amounts  of  quartzite  and  phyllite  produced  by  the 
metamorphism  of  sandstone,  conglomerate,  and  tuff  are  found  inter- 
bedded with  these  slates. 

Numerous  fossils  reportedly  have  been  found  in  the  rocks 
of  the  Amador  group  at  various  localities.   These  fossils  definitely 
date  the  Amador  group  as  ranging  from  middle  to  Upper  Jurassic  in 
age. 

Granitic  Rocks.  Approximately  the  northeastern  one- 
quarter  of  the  investigational  area  is  underlain  by  granitic  rocks 
which  are  part  of  the  Sierra  Nevada  batholith.  The  batholith  is 
composed  of  a  series  of  intrusions  emplaced  over  a  long  period 
of  time.  This  intrusive  complex  is  composed  of  granite,  quartz 
monzonite,  granodiorite,  quartz  diorite,  diorite,  and  other  minor 
intrusive  rocks. 

In  general,  the  most  widespread  of  the  intrusive  rock 
types  are  coarse-grained  granodiorite  and  porphyritic  quartz 
monzonite.  Quartz  diorite  and  diorite  also  are  widely  distributed. 
The  quartz  monzonite  appears  to  be  one  of  the  youngest  of  the 
granitic  rocks  which  the  granodiorite,  quartz  diorite,  and  diorite 
represent  older  intrusions.   In  the  area  investigated,  the  quartz 
monzonite  is  generally  more  resistant  to  erosion  than  are  the  other 
intrusives. 
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The  Sierra  Nevada  batholith  is  believed  to  have  been 
emplaced  during  Upper  Jurassic  to  upper  Cretaceous  time.  This  age 
has  been  determined  only  recently  by  new  laboratory  methods  and 
has  placed  the  age  of  the  batholith  at  about  90  million  years. 

Mafic  and  Ultramafic  Intrusive  Rocks.  Gabbro,  serpentine, 
and  related  rocks  comprise  the  mafic  and  ultramafic  intrusive  rocks. 
These  rocks  are  found  most  frequently'  in  the  foothill  area  associ- 
ated with  the  foothill  fault  system.  Small  mafic  intrusions  also 
are  found  in  the  higher  Sierra  Nevada,  These  mafic  and  ultramafic 
intrusives  are  believed  to  be  older  than  the  more  acidic,  granitic 
intrusives,  and  thus  are  probably  pre -Cretaceous  in  age. 

Superjacent  Series 

Lithologic  units  in  the  superjacent  series  include: 
river  gravels  of  Eocene  (?)  age;  Sonora  Pass  formation  (?)  of  Miocene 
age;  and  the  Quaternary  deposits. 

River  Gravels  of  Eocene  (?)  Age.  The  oldest  Tertiary 
sediments  in  the  Southern  Tuolumne  County  area  are  weakly  cemented 
sandstones  and  conglomerates  which  were  deposited  in  ancient  river 
channels.  They  are  often  referred  to  as  auriferous  gravels  because 
they  axe   occasionally  gold-bearing.  The  remnants  of  these  ancient 
channel  deposits  generally  are  confined  to  the  region  east  and 
northeast  of  Groveland.  The  deposits  consist  o-f   well  rounded 
cobbles  and  gravels,  and  poorly  indurated  seindstones.  The  clastic 
materials  were  derived  principally  from  metamorphic  rocks  and 
vein  quartz. 
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The  age  of  the  ancient  river  gravels  in  the  Southern 
Tuolumne  area  has  not  been  established  because  no  reliable  index 
fossils  have  been  found.   These  sediments  are  similar,  however,  to 
channel  gravels  in  other  areas  which  have  been  dated  as  Eocene. 

The  river  gravels  of  Eocene  (?)  age  are  overlain  by 
undifferentiated  volcanic  mudflows  presumably  of  the  Sonora  Pass 
formation. 

Material  derived  from  the  ancient  river  gravels  was  in 
part  rev/orked  by  streams  during  the  Pleistocene  Age.  During 
historic  time,  most  of  these  deposits  were  again  reworl:ed  by 
artificial  means  during  man's  quest  for  gold. 

Sonora  Pass  Fomiation  (?)  The  Sonora  Pass  (?)  formation, 
as  named  by  D.  B.  Slemmons,  unconformably  overlies  the  Tertiary  gra- 
vels. This  unit  extends  discontinuously  from  the  Sierran  crest 
westward  toward  the  Great  Valley  of  California.   Portions  of  this 
formation  previously  have  been  mapped  as  the  Mehrten  formation; 
however,  based  on  recent  work  it  appears  that  the  Mehrten  formation 
does  not  extend  into  Tuoliumie  County.  The  formation  varies  in 
thiclmess  from  less  than  100  feet  in  the  foothills  to  more  than 
2,000  feet  near  the  Sierran  crest. 

Members  within  the  unit  are  essentially  andesitic,  but 
range  from  rhyolitic  to  basaltic  in  composition.  The  members 
include  a  variety  of  types  of  volcanic  and  clastic  deposits.  Near 
the  Sierran  summit,  autobrecciated  flows,  mudflows,  lava  flows, 
and  intrusions  predominate  over  the  associated  gravels,  sands, 
and  clays.  In  the  foothills  adjacent  to  the  Great  Valley  the  con- 
verse is  true. 
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Autobrecciated  flows,  mudflows,  sands,  and  gravels 
predominate  where  the  formation  was  observed.  The  mudflows 
consist  of  a  variable  amount  of  evenly  distributed,  angular, 
andesitic  fragments  in  a  fine-grained  matrix  of  volcanic  mud. 
The  coarse  fragments  exceed  5  feet  in  diameter.  The  individual 
autobrecciated  flows  and/or  mudflows  range  in  thickness  from 
a  few  feet  to  50  or  6o  feet.  Locally  these  flows  appear  to  be 
case-hardened.  The  case-hardening  may  affect  only  the  outer  8 
to  10  feet  of  the  flow.  Beneath  this  hard,  cemented  layer  the 
material  may  be  loose  and  crvunbly.  Locally,  fluvial  and  lacus- 
trine sediments  are  interbedded  with  the  volcanics.  These  finer- 
grained  deposits  are  generally  confined  to  topographic  lows  which 
developed  during  the  deposition  of  the  Sonora  Pass  formation. 
The  sedimentary  rocks  are  moderately  well  indurated  and  occur  in 
lenses  ranging  in  thickness  from  less  than  10  feet  to  several 
hundred  feet.  The  sediments  do  not  appear  to  be  case-hardened. 

The  Sonora  Pass  formation  locally  is  pervious  and  is 
Miocene  in  age.  The  age  determination  is  based  on  fossil  evidence 
from  a  number  of  localities  in  the  Sierra  Nevada  and  also  on  its 
relative  stratigraphic  position. 

Quaternary  Deposits.  The  Quaternary  deposits  include 
glacial  debris,  alluvium,  colluvium,  and  lake  deposits.  Only  the 
glacial  debris  and  alluvium  were  mapped  regionally  because  of  the 
detail  involved  in  delimiting  the  deposits.  Vrtiere  they  locally 
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affect  proposed  Gtinictures,  they  v/ere  mapped  in  as  much  detail 
as  time  allowed. 

The  effects  of  glaciation  are  readily  apparent  through- 
out the  High  Sierra.  U-shaped  valleys,  moraines,  glacial  erratics, 
hanging  valleys,  and  many  other  features  offer  mute  evidence  of 
the  great  Pleistocene  glaciers  which  once  covered  the  area.   Four 
separate  ice  advances  have  been  noted:  the  Sherwin,  Magee,  Tahoe, 
and  Tioga  stages.   In  general,  the  Tahoe  stage  of  glaciation  was 
the  most  extensive  of  the  four. 

Glacial  deposits  in  the  area  mapped  are  confined  to 
ground,  lateral,  and  terminal  moraines.   These  are  found  both  in 
valleys  and  on  the  mountain  slopes,  above  it-, 000  feet  in  elevation. 
The  moraines  are  composed  of  unsorted,  unstratified,  poorly  con- 
solidated deposits  termed  till,  which  have  been  derived  primarily 
from  the  granitic  rocks. 

Recent  alluvium  is  confined  to  stream  and  river  channel 
deposits  and  glacial  basins.   In  general,  such  deposits  have  been 
stripped  by  glaciation  from  the  higher  mountain  ranges.   Rather 
extensive  deposits  of  alluvium  are  found  locally  in  the  lower 
reaches  of  the  Tuolumne  River. 

The  alluvium  consists  of  unconsolidated  sand,  gravel, 
and  fines  which  locally  are  sorted.  Alluvium  which  has  been 
deposited  in  glacial  basins,  generally  is  highly  organic. 

The  colluvium  consists  of  gravitationally  deposited  debris 
which  is  unsorted  and  unconsolidated.   It  includes  talus  and  slope- 
wash.  The  colluvium  was  not  mapped  on  a  regional  scale. 
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Quaternary  lake  deposits  are  composed  of  sand,  silt, 
and  organic  fines  and  occur  only  locally;  they  were  not  mapped 
regionally. 

Seismicity 

The  area  encompassed  by  the  Southern  Tuolumne  area  lies 
in  a  region  of  slight  to  moderate  seismic  activity.  U.  S.  Coast 
and  Geodetic  Survey  records  list  no  earthquake  shocks  in  the  county 
in  recorded  times.  However,  several  epicenters  with  Richter  magni- 
tudes of  U  to  5  have  been  recorded  immediately  east  of  the  Tuolumne- 
Mono  County  line.  In  general,  most  of  the  seismic  activity  which 
affects  Tuolumne  County  originates  along  the  eastern  scarp  of  the 
Sierra  Ne>''ada. 

C.  F.  Richter,  in  "Seismic  Regionalization,"  Bulletin 
of  the  Seismological  Society  of  America,  Vol.  U9,  No.  2,  divides 
the  State  of  California  into  several  seismic  regions.  These 
regions  are  based  on  the  expected  msjcimum  seismic  intensity  as 
measured  on  the  Modified  Mercalli  Scale.  Tuolumne  County  lies 
entirely  within  a  region  of  a  probable  maximum  of  VI.  However, 
it  is  significant  that  this  figure  (Vl)  assumed  solid  igneous 
and  metamorphic  bedrock.  Locally,  on  deep  alluvial  fill  the 
expected  maximum  seismic  intensity  would  be  IX, 

The  Modified  Mercalli  Scale  of  Intensity  varies  from 
I  (weak)  to  XII  (extreme).  A  brief  summary  of  the  effects  that 
may  be  expected  from  shocks  on  this  scale  are  presented  on  the 
following  page. 
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I  to  V  Mnor,  very  little  damage  to  structures. 

VI  Felt  by  all.  many  frightened.  Trees  and  bushes  shaken 

slightly.  Liquids  set  in  strong  motion.   Damage  slight  to 
poorly  built  buildings. 
VII  Fright  is  general,  all  run  outdoors.  r4ay  be  difficult 
to  stand.  Waves  on  ponds,  lakes,  and  running  water. 
Water  turbid.   Incaving  of  sand  and  gravel  banks.   Damage 
negligible  to  structures  of  good  design  and  construction. 
VIII  Fright  general,  alarm  approaches  panic.   Noticed  by  persons 
driving  automobiles.  Trees  shaken  strongly.   Changes  in 
flow  of  wells  and  springs.   Damage  slight  in  specially 
designed  structures,  partial  collapse  in  ordinary  sub- 
stantial buildings. 
IX  Panic  general,  ground  cracked  conspicuously.  Underground 
pipes  broken.   Serious  damage  to  reservoirs  and  well- 
designed  structures.   Partial  collapse  of  other  structures. 
X  to  XII  Serious  to  total  damage  to  all  structures.   Lines  of  sight 
distorted.   Earth  slumps  and  landslides  common. 
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Engineering  Geology 
The  geologic  Tonits  described  herein  display  varia- 
tions in  engineering  properties  which  depend  upon  the  composition, 
texture,  and  geologic  history  of  each  unit.  These  properties 
are  presented  in  Table  B-1. 
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TABLE  B-1 

GKNKRALIi:KD  DECCRIFi'ION  OF  ENGINEERIHG  FROPEHTIES  OF  LITIIOLOGIC  UNITS 
IN  THE  SOUrmrai  TUOliJMNE  AR£A 


Name  and 
nap  symbol 


I.itholo.'iy 


Weathering 

and 

soil  development 


Pei-meabllity 


V/orkability 


Cut 
slope  stability 


Alluvium 

Qal 


Silty  or  clayey 
sand,  nandy  gravel, 
etc. ;  unconsoli- 
dated; locallj' 
grades  into  colluv- 
ivun  and  glacial 
debri  s . 


None  to  slight. 


Highly 
variable. 


Easily  removed, 
easy  to  com- 
pact except 
where  organic 
content  is 
high. 


Generally  unstable 
in  steep  cuts, 
varies  with  clay 
content. 


Glacial 
Debris 

Qra 


Huge  boulders  ajid 
cobbles  \n.th   some 
sand  and  associated 
fines;  unsorted; 
unconsolidated. 


Debris  from  older 
glacial  epochs  is 
deeply  weathered; 
heavily  forested. 


Higlily  vari- 
able. 


Generally 
common  excava- 
tion; large 
boulders  re- 
quire blasting. 
Easily/  compact- 
ed. 


Generally  stable 
in  low  cuts. 


Andesitic 
Volcanic 

Pocks 
Tv^ 


Volcanic  mudflows 
and  intei-volcanic 
strea;n  sediments. 


Fresh  where 
glaciated;    deeply 
■vreathered  at  low- 
er eJ-evations. 


Generally 
moderate  to 
low.     A  few 
higlily  per- 
meable 
lenses. 


Requires  light 
to  moderate 
blasting. 


Generally'  stable 
on  steep  slopes. 


100^  common . 


Slopes  stable  at 
1:1  to  li:l; 
high  slopes 
require  berms. 


Aui-iferous 
Gravels 
Tg 


Biver  gravels  and 
sand,  generally 
poorly  cemented, 
crudely  sorted. 
Deposits  often 
reworked. 


Often  weathered, 
rarely  has  a 
soil  cover. 


Highly  variable 


Easily  moved 
by  power 
equipment. 


Fair  to  good. 


Granitic 

Rocks 
JKgrd 
sjid 
JKsv 


Coarse-  to  fine- 
grained granitic 
intrusives  ranging 
in  composition  from 
granite  to  diorlte. 


Generally  fresh 
at  higher  eleva- 
tion where  glaci- 
ated; generally 
weathered  at 
lo^rer  elevations; 
often  has  well 
developed  soil 
profile . 


None  to  slight 
where  fresh. 
Highly  vari-  ; 
able  where    I 
weathered.    ^ 


Requires  heavy 
blasting  where 
slightly 
weathered  or 
fresh. 


Excellent;  stable 
in  vertical  or 
nearly  vertical 
cuts. 
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TABLE  B-1  (Continued) 

GENERALIZED  DESCRIPTION  OF  ENGINEERING  PROPERTIES  OF  LITHOLOGIC  UNITS 
IN  THE  SOUTHERN  TUOLUMNE  AREA 


Unit  weight 

Unified 

Name  and 

Foundation  conditions 

Possible  or 

(pounds  per 
cubic 

soil  classi- 
fication 

Earth-  or 

Concrete 

map  symbol 

roc kf ill  dam 

dam 

Canal 

Tunnel 

reported  use 

foot) 

group  symbol 

Alluvium 

Genernlly  suit- 

Not 

Poor:  prob- 

Not 

Processed  for 

80  to  135 

Variable. 

Qal 

able  if  organic 

suit- 

ably would 

suitable 

concrete 

SP,  SW,  SM, 

content  is  low: 

able. 

require 

aggregate , 

SC,  CP,  GW, 

not  suitable 

special  de- 

pervious fill, 

GM,  GC 

beneath  impervi- 

sign and 

road  base 

ous  section. 

1005^1  lining. 

material 

Glacial 

Same  as 

Not 

Generally 

Not 

Possible 

95  to  11+0 

GP,  GM,  GC, 

Debris 

alluvium. 

suit- 

poor, prob- 

suitable 

source  of 

SP,  SM,  SC 

Qm 

able. 

ably  would 
require 
100^  lining. 

concrete  ag- 
gregate 
pervious  and 
impervious 
fill. 

Poor;  tends  to 

Not 

Fairly  good; 

Poor; 

Possible 

110  to  165 

slake ;  locally 

suit- 

probably 

requires 

source  of 

t3 

highly  pervious. 

able. 

require 

heavy 

rockfill. 

100^  lining. 

support 

1 

and  100^ 

lining. 

Andesitic 

H 

Volcanic 

C 
D 

Rocks 
Tv^ 

Unsuitable, 

Not 

Generally 

Very 

None  known. 

80  to  120 

GM,  GC,  SM, 

should  be 

suit- 

poor; re- 

poor; 

SC 

t3 

stripped. 

able 

quires 

requires 

^ 

lining. 

100^ 

^ 

lining 

1 

and 

support . 

Auriferous 

Not  suitable. 

Not 

Poor;  re- 

Gener- 

Processed 

100  to  130 

GP,  GM,  GC, 

travels 

suit- 

quires 

ally 

aggregate . 

SM,  SC,  SP 

Tg 

able 

lining. 

poor  re- 
quires 
1005^ 
lining 
and 
support . 

Granitic 

Excellent, 

Excel- 

Good for 

Very 

Fresh  rock 

155  to  170 

Socks 

requires  only 

lent; 

flume;  high 

good, 

used  as  rock- 

JKgrd 

-d 

shaping. 

re- 

cost of 

gener- 

fill and 

and 

quires 

rock  excava- 

ally 

crushed  ag- 

JKsy 

S 
^ 

only 
shap- 
ing. 

vation  pre- 
cludes 
canal. 

requires 
no  sup- 
port or 
lining. 

gregate  . 
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TABLK  B-1   { Continued) 

Gmau\II/.ED  DB-CHIITION  OF  liNGINEIiRING   HUOPIiHTIEa  OF  LITHOIOGIC  UTnTS 
IN  THli  nOUTHKRIJ  TUOIiJMtfi;  ARIi^v 


Name  and 
map  c..nnbo.l 

Li  tholor;,- 

V/eatherinf, 
and 
soil  development 

Permeability 

Workability 

Cut 
slope  stability 

Granitic 
Rocks 

Jh'rrd 

and 

JKsy 

Coarse-  to  fine- 
grained /granitic 
intruoives  ranging 
in  composition  from 
f'l-anite  to  diorite. 

Generall;/  fresh 
at  hiflier  eleva- 
tion v;here  glaci- 
ated; Eeneralli' 
weathered  at 
lower  elevations; 
often  has  wejl 
developed  soil 
pi-ofile. 

None  to  slight 
where  fresh. 
Higlily  varl-  ^ 
abJe  where    g 
weathered .    ^ 

Easily  moved 
by  povrer 
equipment 
where  deeply 
weathered. 

Stable  at  1:1  to 
1{:1. 

Serpentine 
and  other 
Ultrabasir 
Intrusive 

Books 
Jli 

oerpentine,  peri- 
dot! Le,  hornblend- 
ite ,  and  associated 
mafic  intrusive 
rocl-.s . 

Weathering  sjirjit 
except  on  Joint 
surfaces;  soil 
r.enerally  thin 
or  absent. 

Generally  low;'^ 

locally  mod-  ^ 

orate.       £ 
ai 

% 

Easily  moved 
where  sheared; 
requires 
blasting  where 
massive. 

Good  where  fresh; 
poor  where  sheared. 

■d 

1 

Easily  moved 
where  weath- 
ered. 

Stable  at  1^:1  or 
ll:l. 

Amador 
Group) 
Jl,  Jm 

Meta-  sedimen  lari' 
and  meta-volcanic 
rocks;  good  cleav- 
age ,  moderately 
hard  to  hard. 

Intense  to  none; 
weathering  is 
differential  and 
unpredictable. 

Highly  vari-  t 
able .         fe 

1 

Requires 
sliglit  to 
heavy  blast- 
ing. 

L'lopes  af  fee  Led  by 
cleavage  and 
joints.  Variable 
i:l  to  1:1. 

OJ 

u 

if 

100'^  common. 

Slopes  stable  at 
1^:1  to  l|-:l. 

Calaveras 
J  roup 
Cc" 

Meta-sedimen  tai-:,' 
and  meta-volcanic 
rocks;  includes 
marhlo .  Modera  te - 
ly  hard  to  very 
hard. 

oliflit  to  none; 
weathering  is 
differential  and 
unpredictable. 

0) 

None  Lo  hich.  S 

i 

Hequires 
slight  to 
heavy  blast- 
ing where 
fresh. 

Slopes  affected  by 
cleavage  and 
joints.  Variable 
^:1  to  1:1. 

1 

100"/i  common. 

Slopes  stable  at 
about  1^:1. 
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TABLE  B-1  (Continued) 

GEMERALIZKD  DESCRIPTION  OF  ENGIKEERIHG  PROPERTIES  OF  LITHOLOGIC  UNITS 
IN  THE  SOUTHERN  TUOLUMNE  AREA 


Unit  weight 

Unified 

Name  and 

Foundation  conditions 

Possible  or 

(pounds  per 
cubic 

soil  classj 
fication 

Earth-  or 

Concrete 

'^ap  symbol 

rockfill  dam 

:  dam 

Canal 

Tunnel 

reported  use 

foot) 

group  symbo; 

Granitic 

Fair  to  very 

Unsuit- 

Genei-ally 

Poor, 

Often  used  as 

75  to  110 

SM,  SC,  CI 

Rocks 

poor  -  often 

able. 

good,  maj- 

often 

impervious. 

JK  grd 

t3 

permeable,  weak. 

require 

requires 

semi-pervious 

and 

4-> 

lining. 

heavy 

or  pervious 

JKsy 

support 

(?)  fill. 

and 

3 

lining. 

Not  desirable; 

Gener- 

Fair  to  good; 

Fair  to 

Serpentine 

150  to  185 

Ti 

may  require 

all.v 

may  require 

very 

occasionally 

OJ 

special  design. 

not 

extensive 

poor; 

used  as  fill. 

OJ 

J5 

suit- 

lining. 

often 

able. 

requires 

100^  sup- 

c 

port  and 

Serpentine 

lininp- 

and  other 
Ultrabasic 

Intrusive 

Not  suitable. 

Not 

Fair  to  poor; 

Very 

None  loiown . 

90  to  110 

SM,  CL,  SC, 

Rocks 

suit- 

require 100?^ 

poor, 

ML 

Jbi 

■d 

able. 

lining. 

requires 

1005^ 

lining 

and 

heavy 

support. 

Very  good. 

Fair  to 
r.ood . 

Good  for 
canal;  high 

Good  to 
fair; 

Massive 
units  occas- 

150 to  170 

'd 

rock  excava- 

some 

sional  ly 

vation  costs 

support 

quarried  for 

+j 

preclude 

and  lin- 

rockfill. 

aJ 

canal. 

ing  may 

5 

be  re- 

Amador 

3 

quired. 

Group 
Jl,  Jm 

Fair,  may  re- 

Unsuit- 

Good, should 

Poor, 

None  known. 

80  to  110 

MI,,  SM,  SC, 

quire  deep 

able. 

be  lined. 

gener- 

XJ 

cutoff. 

ally  re- 

OJ 

quires 

M 

much 

s 

support 

and 

lining. 

Good. 

Fair  to 
good. 

Good  for 
flume;  high 

Good  to 
fair. 

Massive 

units  occas- 

150 to  170 

(1> 

excavation 

may  re- 

sional ly 

(U 

costs  pre- 

quire 

quarried  for 

clude  canal. 

some 

rockfill. 

0) 

support 

Calaveras 

g 

and 

Group 
Cc 

=> 

lining. 

Fair,  not  suit- 

Unsuit- 

Good, may  re- 

Poor, re- 

Possibly use- 

80 to  110 

ML.  SM 

able  beneath 

able. 

quire  some 

quires 

ful  as  imper- 

impervious 

lining. 

heavy 

vious  fill. 

section 

support 

41 

and 

-p 

OS 

lining. 
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APPENDIX  C 


AGREEMENT  BETVffiEN 
THE  COUUTY  OF  TUOLUMNE,  TUOLUMNE 
COUMTY  WATER  DISTRICT  NO.  2 

AND 

TURLOCK,  MODESTO,  AM)   WATERFORD 
IRRIGATION  DISTRICTS  AND  THE  CITY 
AND  COUNTY  OF  SAN  FRANCISCO 
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AGREEMENT 

Agreement  between  Tuolumne  Coiinty  Water  District  No.  2, 
the  County  of  Tuolumne  (hereinafter  both  may  be  referred  to  as 
Tuolumne  County  Interests),  and  Turlock  Irrigation  District, 
Modesto  Irrigation  District,  Vteterford  Irrigation  District  and 
the  City  and  County  of  San  Francisco  (hereinafter  collectively 
may  be  referred  to  as  Downstream  Interests)  re  use  of  water  in 
the  Upper  Tuolumne  River  Watershed. 

WHEREAS,  Tuolumne  County  V/ater  District  No.  2  has 
pending  before  the  State  Water  Rights  Board  Applications  No.  12257, 
I2U93,  I2U90,  12856,  13827,  13875  and  19^+23,  and  the  County  of 
Tuolumne  has  pending  before  the  State  V/ater  Rights  Board 
Applications  No.  I287I,  I3OII  and  13012,  all  involving  proposed 
appropriation  of  water  from  the  Upper  Tuolumne  River  Watershed, 
and 

WHEREAS,  the  State  Water  Rights  Board,  in  letters  dated 
July  30,  1963  and  August  15,  I963  to  applicants  and  protestants, 
indicates  that  it  contemplates  setting  all  of  the  heretofore 
enumerated  applications  of  the  Tuolumne  County  Interests  for 
hearing  in  the  near  future  and  has  scheduled  hearings  thereon 
for  December  10,  19^3;  and 

WHEREAS,  the  Downstream  Interests  have  protested  a  number 
of  the  applications  enumerated  herein  on  the  basis,  among  other 
things,  that  the  diversions  by  the  Tuolumne  County  Interests  as 
proposed  thereunder  would  interfere  with  Downstream  Interests 
prior  rights  for  diversion  and  use  of  water  from  the  same  V/atershed; 
and 
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WHEREAS,  Tuolumne  Coimty  V/ater  District  No.  2  has 
indicated  that  the  only  project  on  which  it  is  now  in  a  position 
to  proceed  \rith   construction  is  the  Tuolumne  River  Project  as 
set  forth  under  applications  12^93  aJ^d  19^23  as  now  amended  and 
that  it  has  no  immediate  plans  to  proceed  with  the  developments 
proposed  under  the  other  applications;  and 

WHEREAS,  the  County  of  Tuolumne  has  indicated  that  it 
has  no  immediate  plans  to  proceed  with  the  developments  proposed 
under  its  applications  except  that  the  County  envisions  a  project 
in  the  future  similar  to  that  described  under  application  12^93 
and  I9U23  of  the  Tuolumne  County  Water  District  No.  2;  and 

WHEREAS,  the  Tuolumne  County  Interests  and  the  Downstream 
Interests  desire  to  cooperate  in  providing  for  the  full  develop- 
ment of  the  Tuolumne  River  V/atershed  insofar  as  possible  and  to 
that  end  desire  to  enter  into  an  agreement  which  will  allow 
upstream  development  to  take  place  on  a  limited  basis  and  at  the 
same  time  prevent  undue  interference  with  the  prior  rights  of 
Dovmstream  Interests; 

NOW,  THEREFORE,  BE  IT  AGREED  AS  FOLLOWS: 

1.  Tuolumne  County  Water  District  No.  2  will  forthwith 
advise  the  State  Water  Rights  Board  that  the  District  intends  only 
to  proceed  to  hearing  on  water  rights  applications  I2U93  and  I9U23 
as  now  amended  on  file  with  the  State  Water  Rights  Board,  and  that 
it  will  forthwith  cause  the  deletion  of  all  reference  to  the 
appropriation  of  water  from  the  Tuolumne  River  Watershed  in  water 
right  applications  12257  and  I2U98  and  that  it  will  withdraw,  with- 
out prejudice,  applications  12856,  I3827  and  13875; 
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2.  Tuolumne  County  Water  District  No.  2  agrees  to 
operate  its  proposed  Tuolumne  River  project,  as  set  forth  in  the 
Goodenough,  Sudman  and  Overholser,  Inc.  report  dated  December  I962 
and  described  in  water  right  applications  12^93  and  19*t-23,  under 
the  operating  criteria  appended  to  this  agreement  entitled 
"Operating  Criteria  -  Tuolumne  River  Project"; 

3.  Tuolumne  County  will  withdraw  its  applications 
12871,  13011  and  13012  now  pending  before  the  State  Water  Rights 
Board,  without  prejudice  to  the  filing  of  new  applications  for 
domestic,  municipal,  recreational,  asid   fish  axid  wildlife  purposes, 
at  such  time  as  the  County  is  able  to  develop  a  specific  project 
for  these  purposes; 

k.      Downstream  Interests  agree  not  to  oppose  future  water 
right  applications  of  the  County  of  Tuolumne  for  any  project  for 
domestic  and  municipal  uses  and  essentially  non- consumptive  recrea- 
tional, fish  and  \irildlife  uses,  all  such  uses  being  within  the 
boundaries  of  Tuolumne  County,  similar  to  that  proposed  under  water 
rights  applications  12^4-93  and  19^23  of  the  Tuolumne  County  Water 
District  No.  2,  provided  such  project  is  supported  by  a  showing  of 
feasibility  and  provided  it  is  subject  to  similar  operating  criteria 
to  be  agreed  upon  with  Do^mstream  Interests  as  set  forth  in  the 
attachment  to  this  agreement  entitled  "Operating  Criteria  - 
Tuolumne  River  Project"; 

5.  Downstream  Interests  will  withdraw  any  objections  to 
water  right  applications  12^93  and  19^+23  of  Tuolumne  County  Water 
District  No.  2,  as  now  amended,  now  pending  before  the  State  Water 
Rights  Board,  and  will  not  appear  in  opposition  to  said  applications; 
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6.  Nothing  contained,  herein  or  in  the  operating  criteria 
appended  to  this  agreement  shall  affect  the  right  of  V/aterford 
Irrigation  District  to  receive  its  shaire  of  the  full  natural  flow 
of  the  Tuolumne  River  at  La  Grange  as  such  share  v/ould  naturally 
occur  under  its  prior  vested  water  rights. 

7.  Nothing  contained  in  this  agreement  shall  prejudice 
the  rights  of  Tuolumne  County  Interests  to  propose  and  prosecute 
new  projects  to  which  Downstream  Interests  do  not  consent,  to  the 
same  extent  as  if  this  agreement  had  not  been  entered  into. 

8.  All  parties  signatory  hereto  agree  to  submit  this 
agreement  to  the  State  Water  Rights  Board,  authorizing  that  Board 
to  take  such  action  as  is  necessary  to  carry  out  the  terms  hereof 
and  requesting  the  Board  to  insert  conditions  in  any  permits  issued 
on  applications  12i)-93  and.  19^23  subjecting  diversion  and  use  of 
water  under  said  permits  to  the  provisions  of  this  agreement  and 
the  operating  criteria  appended  hereto. 

Dated  this  2nd  day  of  December,  1963- 
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TURLOCK  IRRIGATION  DISTRICT 


MODESTO  IRRIGATION  DISTRICT 


By;   /g/  a.  M.  Crowell 


President 


By;   /s/  R.  E.  Penney 


President 


By;  /s/  R.  S.  Tillner 


Secretary 


By;  /g/  H.  L.  Brooks 


Secretary 


WATERFORD  IRRIGATION  DISTRICT 


By;  /s/  Isaac  F.  Bashor 


President 


By:  /s/  Cecil  A.  Hensley 
Secretary 


CITY  AND  COUNTY  OF 
SAN  FRANCISCO 
(Public  Utilities  Commission) 


By; 


By:  /s/  Robert  C.  Kirlo^ood 
Manager  of  Utilities 


COUNTY  OF  TUOLUMNE 


TUOLUMNE  COUNTY  WATER 
DISTRICT  NO.  2 


By:  /s/  Robert  W.  Ingalls 

Chairman,  Board  of  Supervisors 
James  G.  V/hite,  Clerk 

By;  /s/  Carlo  M.  DeFerran 

Deputy 


By;  /s/  Herbert  E.  Wilson 
President 


By;/s/   Harry  S.  Hinkley 
Secretary 


AUTHORIZED  BY  RESOLUTION  NO.  23,500 
Adopted  December  17,  19^3 


By:  /s/  James  J.  Finn 


Secretary,  Public  Utilities  Commission 
City  and  County  of  San  Francisco 


APPROVED  AS  TO  FORM: 

TOLLIAM  F.  BOURNE 
Public  Utilities  Counsel 


By:  /s/  McMorris  M.  Dov 


Deputy  City  Attorney 
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OPERATING  CEITERIA  -  TUOLUMNE  RIVER  PROJECT 

I.   The  Tuolumne  River  Project  is  that  project  described 
under  applications  121+93  and  I9U23  of  the  Tuolumne  County  Water 
District  No.  2  as  are  now  pending  before  the  State  Water  Rights 
Board  and  as  also  described  in  the  Goodenough,  Sudman  and 
Overholzer.  Inc.  report  dated  December  I962. 

II.   (a)   For  the  purpose  of  operation  only,  the  Tuolumne 
County  Water  District  No.  2  project  is  deemed  not  to  cause  major 
interference  with  the  downstream  prior  use  by  the  Turlock,  Modesto, 
and  Waterford  Irrigation  Districts  in  years  in  which  from  April  1 
to  July  31  estimated  full  natural  flow  of  the  Tuolumne  River  at 
La  Grange  is  in  excess  of  1,000,000  acre-feet,  and  accordingly  the 
provision  of  paragraph  IV  of  these  criteria  will  not  apply  in  such 
years. 

(b)  For  purposes  of  determining  operation  under 
these  criteria  the  full  natural  flow  of  the  Tuolumne  River  at 
La  Grange,  as  estimated  by  the  California  Cooperative  Snow  Surveys 
of  the  State  Department  of  Water  Resources  as  of  April  first  of 
each  year,  shall  be  used. 

III.  When  the  April  1-July  3I  estimated  full  natural  flow 
of  the  Tuolumne  River  at  La  Grange  is  in  excess  of  1,000,000  acre- 
feet  there  shall  be  no  decrease  in  discharge  over  inflov;  (hereinafter 
referred  to  as  depletions)  to  the  Tuolumne  River  during  this  period 
by  Tuolumne  County  Water  District  No.  2  at  any  time  when  the 
computed  full  natural  flow  of  the  river  at  this  point  drops  below 
2516  cubic  feet  per  second. 
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IV.   In  years  v;hcn  the  April  1-July  31  estimated  full 
natural  flov;  of  the  Tuolumne  River  at  La  Grange  is  less  than 
1,000,000  acre-feet  the  following,  criteria  shall  govern  the 
operation  of  the  Tuolamne  River  project: 

A.  Tuolumne  County  V/ater  District  No,  2  may  receive 
credit  for  increases  in  discharge  over  inflow  (hereinafter 
described  as  accretions)  to  the  Tuolumne  River  as  a  result 

of  the  construction  and  operation  of  its  project,  provided: 

1)  The  amount  of  accretion  credit  to  be  received 
during  the  period  October  1  through  December  31 
of  any  year  shall  not  exceed  the  difference 
between  the  maximum  storage  permitted  in  Don 
Pedro  Reservoir  under  flood  criteria  as  of 
January  1  of  each  year  (90,000  acre-feet  in 

the  case  of  existing  Don  Pedro  or  such  other 
amount  as  is  established  for  New  Don  Pedro)  and 
the  amount  of  water  in  storage  in  said  reservoir 
on  January  1  without  the  accretions. 

2)  In  the  event  of  a  necessity  for  evacuation  of 
storage  from  existing  or  New  Don  Pedro  Reservoir 
during  the  flood  control  season  as  a  result  of 
storm  conditions,  all  accretion  credits  and 
depletion  debits  previously  attributed  to  Tuolumne 
County  Water  District  No.  2  shall  be  cancelled. 

B.  The  total  sum  of  the  depletion  debits  created  by 
the  Tuolumne  River  Project  by  Tuolumne  County  Water  District 
No.  2  for  the  period  October  1  of  each  year  to  September  30  of 
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succeeding  year,  shall  not  exceed  the  accretion  credits  for 
this  same  period,  provided  that  Tuoliomne  County  Water  District 
No.  2  will  not  be  charged  with  depletions  at  any  time  that 
the  Downstream  Interests  are  releasing  water  below  La  Grange 
which  is  not  legally  required.  Any  such  depletion  not 
charged  will  not  exceed  the  accretions  made  during  the  previous 
accretion  period.  If  necessary,  releases  from  storage  shall 
be  made  by  Tuolumne  County  Water  District  No.  2  to  accomplish 
this  result. 

C.  Sufficient  releases  from  storage  from  the  Tuolumne 
River  Project  shall  be  made  by  Tuolumne  County  Water  District 
No.  2  in  advance  of  September  1  of  each  year  at  rates  not  to 
exceed  200  cubic  feet  per  second  so  that,  with  normal  releases 
only  during  September,  by  September  30  of  each  year  the  deple- 
tions for  the  previous  twelve-month  period  shall  not  exceed 
the  accretions. 

V.  Water  used  by  Tuolumne  County  Water  District  No.  2 
from  the  Tuolumne  River  Project  for  domestic  and  municipal  purposes 
shall  not  exceed  5,000  acre-feet  per  annum  without  further  agreement 
with  Downstream  Interests.  Such  water  will  not  be  served  by  Tuolumne 
County  Water  District  No.  2  to  areas  outside  of  the  boundaries  of 
Tuolumne  County. 

VI.  Tuolumne  County  Water  District  No.  2  shall  make  infor- 
mation available  as  follows  to  the  Downstream  Interests  with  respect 
to  the  operation  of  its  Project: 

A.  Reservoir  stage  of  Pine  Valley  and  Bell  Meadows 
Reservoirs  on  a  monthly  basis;  stage  of  Browns  Meadow  Reservoir 
on  a  daily  basis. 
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B.  Daily  releases  from  Pine  Valley,  Bell  Meadows 
and  Browns  Meadow  Reservoirs. 

C.  Daily  Diversions  from  the  Project  by  the 
District  for  domestic  and  municipal  uses. 

The  above  information  is  to  be  supplied  by  Tuolumne 
County  Water  District  No.  2  at  no  cost  to  Downstream  Interests  and 
may  be  modified  from  time  to  time  so  long  as  it  meets  with  the 
approval  of  both  parties. 
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APPENDIX  D 


CLAIMED  WATER  RIGHTS 
OF 
TURLOCK,  MODESTO,  AND  WATERFORD 
IRRIGATION  DISTRICTS 

ESTABLISHED  PRIOR  TO  DECEMBER  I91U 
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SOUTHERN  TUOLUMNE  COUNTY  AREA 
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STATE  OF  CALIFORNIA 
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SAN  JOAQUIN  VALLEY  BRANCH 

SOUTHERN    TUOLUMNE   COUNTY    INVESTIGATION 
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ACCUMULATED    DEPARTURE     FROM     MEAN   ANNUAL    PRECIPITATION     AT    HETCH 

HETCHY 

DEPARTMENT    OF    WATER    RESOURCES    I96i 


PLATE   4-A 


g       1000 


50     YEAR      MEAN       PERIOD     (1907-08     THROUGH     1956-571 


MEAN         ANNUAL         NATURAL    RUNOFF     1 .796.000    ACR  E  -  FEE  T 


RUNOFF     YEAR    (OCTOBER    I    THROUGH   SEPTEMBER    30) 


ESTIMATED   ANNUAL   NATURAL  RUNOFF  OF  TUOLUMNE  RIVER  ABOVE  LA  GRANGE  DAM 


PLATE   4-B 
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RIVER     ABOVE      LA 

3RANGE      DAM 

DEPARTMENT    OF    WATER    RESOURCES    1961 


-Ijtfh- 


NORMAL  POOL  ELEV  3655' 


CREST  ELEV  3670* 


SECTION  OF  DAM 


SCALE  OF    FEET 


ALLUVIUM 

SAND  AND  CRAVEL  ACCUUULATIOMS,  0OORLY  S0RT6D  ANO  UNCOH- 
SOLIDATED. 

TALUS  AND  SLOPEWASH  (UndifUfsnlialedl 

TALUS  -  ANCULAS  BOCK  PPACMEMTSUP  TO  VOH'Al  THE  BASE' 
OF     HILL  iLOPES,  UHMRTED.  UNC0NS0L1DATEC,        '  " 

SLOPE^*ASM  ~  ANGULAR  «OCK   FRAGMENT'    

iOHTEO,  LOOSE  AND  OFTEN  UNSTABLE 


ll/S  ANO  SOIL,  UN. 
OPEWASM  CRAOE  LATSSAJ-LT  INTO  EACH  OTHER. 


CALAVERAS  GROUP 


CXJARTZITE 
HAflD    WELL  JOINTeOiLOCALLT  IMTEBBeDOED  WITH  OUARTZ  HIC 
SCHIST   LOCALLY  SHEARED  AMD  HICHLT  CONTORTED   LOCALLY 
COVERED  BY  UNMAPPED  TALUS  AUD  SLOPEWASH. 


GRANITIC  ROCKS 

"EDIUM-QRAINEO  GRANITE  TO 


GEOLOGIC  CONTACT  lo 
JOINT,  VERTICAL 
JOINT.  DIPPING 
FOLIATION,  DIPPINC 


TE.  HARD,  VARIA8LT 


STATE   OF  CALIFORNIA 

THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT   OF   WATER    RESOURCES 

SAN   JOAOUIN   VALLEY   BRANCH 

SOUTHERN    TUOLUMNE    COUNTY 
INVESTIGATION 

HARDEN    FLAT  DAM    ON 

SOUTH   FORK  TUOLUMNE    RIVER 

1962 


GENERAL   PLAN 

SCALE  OF  FEET 


400        500        600 
LENGTH  IN  FEET 

SECTION   A-A' 


DAM   CREST   ELEV    3052' 


V:^^^^^:^!;:^^^^'^;?^^^^^ 


SECTION  OF   DAM 

SCALE   OF   FEET 


ALLUVIUM-COLLUVIUM  (UNDIFFERENTIATED) 

GRAVEL,  SAND    AND  FINES  DEPOSITED  BY  WATER  AND  GRAVITY; 
POORLy  SORTED  TO  UNSORTED.  LOOSE,  UNCONSOLIDATED; 
UNITS  G»ADE  INTO  EACH  OTHER  VERTICALLY  AND  HORIZONTALLY; 
OFTEN  IND1STINGU1SHA8LE 

CALAVERAS  GROUP 

SCHIST,  HORNFELS,  QUAWT2ITE  AND  ASSOCIATED  METAMORPHIC 
ROCKS,  SEDDEO,  UNIT  GENERALLY  IS  DEEPLY  WEATHERED 
NEAR  THE  GROUND  SURFACE 


GEOLOGIC  CONTACT 


STATE  OF  CALIFORNIA 

THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT   OF    WATER    RESOURCES 

SAN   JOAQUIN   VALLEY   BRANCH 

SOUTHERN   TUOLUMNE   COUNTY 
INVESTIGATION 


BURCH  MEADOW  DAM 

ON 

BIG  CREEK 

1962 


PLATE  9 


PLATE    B-l 
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